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Introduction 
Coenologlcal recordings in 1961 proved that as a result of the up-to-date 
large-scale agricultural techniques applied in the socialistic reorganization of 
agriculture very considerable changcs took place in the weed vegetation as 
compared to the recordings in 1947-1933 . Their cover decreased considerably 
in every case, and particularly for weeds perennating in the soil (G), while 
at the same time the number of species increased in the majority of cases 
(FEKLTE, 1963); that is to say, the weed conditions at present differ com-
pletely from those at the time of the national weed recordings. 
After this favourable change was established in the weed vegetation of 
wheat and maize crops under traditional agricultural conditions, it was later 
considered necessary to extend the Investigations t j the areas treated with 
chemical weed-kil lers as the development of weeds under these agrotechnics! 
conditions was considerably influenced by the increasingly general application 
of the various herbicides (2,4—D, aminotrlazines), It was therefore considered 
justified to establish the rotes of the developed large-scale agrotcchnology and 
the various systematically applied chemical weed-killers In the change in 
weed vegetation, as compared to the conditions in 1949-1950 . 
In this way , from 1963 a study was made on fixed Investigation sites with 
regard to the qualitative and quantitative conditions of the weed vegetation 
of (i) wheat crops; untreated cultures and those treated with Dikonirt or under 
the after-effect of Simazin and (i i) maize crops; cultured traditionally, sprayed 
first with Hungazin PK, treated with HPK for several years and for two-three 
years under the after-effect of being sprayed with HPK. 
To establish the changcs in the weeds during the last decade, the results 
of the investigations were compared with the data of Ú J V Á R O S I (1950, 1961), 
for the same places. 
I made my paper in the spring of 1964 from the cocnological results of 
the first investigations (1963) and from those concerning the weedicides of the 
soil, but it could not be published. In 1967, I elaborated the manuscript again, 
to meet the requirements of a doctoral dissertation, completing it with the 
results of my investigations on the weed-seed content of the soils. The present 
paper is containing the part of the old manuscript, resp. of the doctoral dlsser-
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tation elaborated out of that, concerning the weed vegetation of wheat crops. 
The work was carried out in the Botanical Research Institute of the Hungar ian 
Academy of Sciences at Vácrátót 
Places and methods of investigations 
Bxccpt fur a Farm at Raying, the investigation sites were chosen so as to belong to the 
areas examined in detail on the occasion of the national weed recording. The investigations were 
carried out on state Farms at Fehérgyarmat. Mczönagymihály, Mczöhck. Enying. Lábod and 
Kaposvár. In some of these farms several units were recorded. From among the national weed 
recording data those of Mezőkövesd were used for a comparison with the weed conditions at 
Mczönagymihály, those of Mezőtúr with those of Mczóhek. and those of Kadarkút with Lábod. 
The areas recorded in 1 9 4 9 — 1 9 5 0 belong at present to the farms mentioned above. In the case 
of the State Farms and Fehérgyarmat and Kaposvár there has been no change in name. 
The wheat received the necessary agrotcchnical treatment on every farm and in a suitable 
quality during the preparation for the sowing and later too. The wheat treated with Dikunirt 
was sprayed by the farms May 5 to 10, with doses of 1 . 2 — 1 . 3 kg per cadastral yoke. The 
«heat areas examined for the "after-effect" were sprayed with 7 kg Simazin per cad. yoke at 
Mczönagymihály in the spring of 1961 . In one of the areas investigated at Enving 5 kg Simazin 
per cad. yoke was applied in the autumn of 1960. and ín another area in the spring of 1961 . 
The herbicides were administered by aeroplane in all cases, except for the single area of autumn 
spraying at F.nying, where a land machine was used. The recording was carried out with the 
cocnological method of BALÁZS (1944) . In every investigation site separate recording series were 
made for the traditional wheat, that with Dikunirt. and that with the Simazin after-effect. Ter. 
recordings were performed for each treatment on every site, and twenty in the case of areas 
larger than 300 cad. yokes. The recording sites were distributed proportionately to the number 
of wheat-fields, with in general two recordings per field. (As the farm units were specialized 
and put in blocks, the fields investigated were everywhere localized beside or close to one 
another.) Both the earlier recording and those in 1963 were carried out in June. The recording 
series in every investigation site were evaluated separately, according to the treatment. The 
results cannot be reported here owing to the limited size of this publication, however desirable 
it would be from the point of view of the protection against weeds to give information about 
the mass relations of at least the more important species in every field separately. These data 
are contained, however, in a doctoral dissertation (FEKETE. 1967. defended in 1972) , In the 
framework of the present publication it is possible only to list those weed species (Table 1). 
which cover an area of larger than I°/o on an overall average for the treatment in each of 
the different investigation sites. 
Tabic I. Major weed species of wheat crops and their covering percentages öfter various 
treatments, on the basis of the summarized data for the sites investigated 
Treatment Traditional Traditional With Simazin 
D ikon irt after-effect 
Year of recording 1950 1963 1963 1963 
The recordings were carried oui in accordance with the investigations of the Geological 
and Agrochemical Research Institute of the Hungarian Academy of Sciences, at Fehérgyarmat 
in soil of clayey adobe, and tn a smaller extent of sandy adobe. On the State Farm of Mezri-
nagymihály the recording of wheat took place in strongly bnund adobe and clayey adobe soils, 
at Mczohek and Enying in open country adobe, at Lábod in sandy adobe and adobe, and at 
Kaposvár in harder and lighter adobe soils. 
it is characteristic of the precipitation conditions that at the time of the national recording 
( 1 9 4 9 — 1 9 5 0 ) in some of the places investigated there was much drier weather than the 4 0 
years' average. 
In 1963, the precipitation totals corresponded to the many-year averages characteristic 
of the areas, hut at Mezohek it was higher than this. At Lábod and Kaposvár there was only 
very little rain in April 1 2 and 13 mm respectively. 
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Results of the investigations and their evaluation 
The most important weeds of wheat crops and the number of species and 
cover values for the individual l ife forms (ÚJVÁROSI, 1952) are given in Tables 
1 and 2, on the basis of the overall data of the investigation sites and trcat-
7ab le 2. Numbers and covering percentages of [he weed species belonging to the individual 
life forms, as averages of the areas investigated, according to the results of the 
recordings in 1 9 4 9 — 1 9 5 0 and 1963. 
Treatment Traditiuoal Traditional 
With 
Di kon irt 
Simazin 
aftcr-cffcct 
Number of species 
and cover percentage 1 2 1 2 1 2 1 2 
Life forms: 
TI 16 0 8 1 15 0,71 5 0.05 2 0 .02 
T i 31 1 1 .93 25 1 .58 1 5 1.28 5 0 .14 
T , 11 5 . 15 13 2 .30 8 2 .52 6 1.33 
Ti 30 7 .32 42 7,63 37 3 .50 28 16 .2? 
Total T 8 8 25.26 95 12.22 65 7 .35 41 17.74 
HT 1 0.01 1 0 .01 2 0.01 
H 3 5 0 1 9 4 0.01 3 0.01 3 0 .03 
HI 3 0 .10 3 0.01 
Total H 5 0 .24 8 0 . 1 1 8 0 .02 3 0 .03 
G , 6 6 .85 8 1.20 4 1 .58 3 1 .06 
G ; 1 0.02 1 0.01 
G J 9 10.40 7 5.25 7 4.29 4 9 63 
G , 3 0 .03 2 0 .02 2 0.01 1 0.01 
Total G 19 17 .35 17 6.47 14 5,89 8 10 ,70 
Number and covering 
percentage of the total 
weed species 1 1 3 42.86 120 19 , 13 87 13.27 52 28.47 
1 : Number of species 
2 . Percentage of covering 
T i : Wintering one-year old n eeds in early spring 
T«: Early-summer one-year old weeds shooting in autumn 
T 3 : Early-summer weeds shooting in spring 
T|; Late-summer one-year old weeds 
Hj ; Tap-rooted weeds 
H j : Weeds with inclined rhizome 
G] : Creeping bent grass (Couch-grass) 
G j ; Tuber crops 
G j : Weeds with couch-grass-Iike roots 
ments. The Tables contain the data of the weed recordings from 1949—1950, 
too, (Újvárosi, 1950 ; Í961) for purposes of comparison. These and Figs. 1 - 3 
indicate the extent of the changes in the weeds of wheat crops since the na-
tional recordings, due partly to the traditional cultivation, and partly to chem-
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ical weed-ki l lers , and the group or groups of l i fe-forms among these which 
were most affected by these changes. 
1. E f f e c t o f t h e a g r o t e c h n O1 o g y i n l a r g e - s c a l e f a r m-
i n g o f t h e d e v e l o p m e n t o g w e e d s i n w h e a t c r o p s 
In the wheat crops of the farms chosen a s the invest igat ion sites, 113 
weed species occurred in the recordings of 1949—1950, with an a v e r a g e cover 
of 42.86°/o. In 1963, according to the overa l l d a t a , 120 species were found in 
the t rad i t iona l ly cul t ivated wheat crops, wi th an ave r age cover of 18.8 l°/o. 
During 13 years , therefore, the weed cover of the whea t crops decreased by 
more than half as a result of the more up-to-date agr icul tura l techniques in 
the large-sca le farming (Tab le 2 ) . 




Fig. 1. Influence of rhe a grot ethnology in large-scale farming on the formation of weeds in 
wheat crops, according to l ife forms. 
As indicated in Fig. 1 and Tab le 2, the ear ly summer weeds shooting hi 
autumn (T 2 ) have completely lost their ear l i e r importance, for the ir cover is 
reduccd to near ly a tenth of the old v a l ue (from 11.98 to 1 . 5 8 % ) and the 
number of species too is apprec iably lower than before (25 instead of 31) . 
Some spiked weeds of frequent occurrence, belonging to group T 3 , such as 
Centaurea cyanus, Consolida orientalh and Vicia species, have fa l len com-
pletely into the background (Table 1). 
The ear ly summer weeds shooting in spring (T 2 ) have s imi lar ly decreased 
in quant i t y , to be about half the old cover ( f rom 5 .15 to 2 . 3 % ) , p r imar i l y a s 
a result of the reduction of S inapis arvensis and Scleranthus annuus. 
For those from the late summer ( T t ) , however , it is observed that the ir 
cover has risen somewhat compared with those in 1 9 4 9 - 1 9 5 0 ( f rom 7 . 32 to 
7.63°/o). The explanat ion of the unchanged, or s l ightly increased amount of 
those belonging to group T 4 is mainly that the winter of 1962 63 wa s ex-
tremely hard, and unfavourable to the crops in s tanding the w in t e r ; in add i t ion 
the Ita l ian whea t species known to be much more sensit ive to cold w e r e a l so 
sporadica l ly recorded. These crops were therefore much thinner than the 
others, and this weed group could easily prevai l in them. Although the amount 
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of those from the late summer remained essent ia l ly unchanged, the cover va lues 
of a l a rge proportion of the weed species belonging here arc changed. ¡For 
example , Ambrosia elatior Polygonum avieulare and P. convolvulus a rc now to 
be fouod to a considerably lower extent . At the same t ime, some species have 
counteracted the decrease of the above species with their rapid propagat ion. 
The number of species of l i fe form T j has also increased, s imi lar ly to the 
cover, from 2 0 to 42. A lesser pushing forward of the thcrmophi lous late sum-
mer weeds seems to support the ear l ier f ind ings (UBRIZSY, 1 9 5 4 ; TJMÁR-UB-
RIZSY, 1957) . 
W h e a t overgrown wi th perennial radic i form couch-grass (G : )) occurred wi th 
1 0 . 4 % in the invest igat ion sites in 1 9 4 9 - 1 9 5 0 . It is noteworthy that the cov-
er of the weed group decreased in the 13 years to 5 . 2 5 % , about half the old 
cover. Although they can stil l be found sporadica l ly in considerable amount 
(e. g. at Fehérgyarmat ) , on the majori ty of farms they arc on longer consider-
able. S imi l a r l y to the results of invest igat ions in 1961 (FEKETE, 1963) , the 
highest decrease in the group is for Convolvulus ar ven sis, which occurs na-
t ional ly in the greatest quant i ty , but here its cover has fa l len from 6 .67 to 
2 . 4 4 % (Tab le 1). A s imi lar change, but to a still higher degree , may be ob-
served in the case of couch-grasses ( G , ) . The cover of this weed group in 
1949—1950 wa s 6.85D/o in the overal l ave r age of the invest igated sites. The 
present cover of couch-grasscs, however , is only 1 . 2 % (Tab le 2), Of the weeds 
belonging here, Equisetum arvettse has decreased s ign i f icant ly , in spite of its 
still being considerable at I .ábod. 
Compared to the weed groups discussed so far , weeds belonging to other 
life forms a r e negl ig ib le in both invest igat ions, and arc therefore not discussed 
in deta i l . 
2 . E f f e c t o f D i k o n i r t s p r a y i n g o n t h e f o r m a t i o n o f 
w e e d s i n w h e a t c r o p s 
Dikonir t - t reated wheat - f i e lds were recorded at Fehérgyarmat , Mezönagy-
mihály, Mezőhék and Lábod . 
Compar ing the wheat crops of the present t rad i t iona l cult ivat ion with 
Dikonir t -sprayed ones, an add i t iona l 2 7 % decrease occurred in the weed 
cover as a result of the herbic ide (Table 2) . As the ave r age for the four farms, 
the weed cover of the w h e a t with Dikonir t is 1 3 . 2 7 % , which can be regarded 
as still fa ir ly high af ter the chemical weed control. 
Invest igat ion of the effect of chemical t reatment upon the covers of the 
weeds belonging to the iod iv idua l l i fe forms leads to the fol lowing f ind ings 
(Fig- 2). 
The cover of groups T a and T a has hardly changed in essence as a result 
of Dikonir t . In the case of these two l i fe forms, therefore, the major decrease 
compared to the cover in 1950 was a result not of Dikonir t but pr imar i ly of 
the better agrorechnology appl ied . The use of herbicides proved effectual to 
various extents for every weed species except two. The somewhat larger cover 
of T 3 was caused by the propagat ion of Vumaria in the Dikoni r t wheat at 
Mezőnagymihá ly and Mezőhék . Galium aparine, belonging to T2 , s imi lar ly in-
creased. 
An apprec i ab le decrease as a result of Dikoni r t can be demonstrated in 
the covers of the one-year old weeds from late summer ( T 4 ) : 3 , 5 0 % on ave r age 
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for the sites invest igated in the chemical ly t rea ted whea t , and 7 . 6 3 % in tha t 
t rad i t iona l ly cu l t iva ted . The most sensit ive response to the Dikon i r t spray ing 
wa s given by Stacbys annua and Ambrosia elatior, but some effect can be d e m -
Fig, 2. Influence of Dikonirt spraying on [he formation of weeds in wheat crops, according 
to life forms. 
onstrared on near ly every T4 weed species. The larger amount of Cbenopodium 
can be expla ined by its propagat ion among the Ita l ian wheat at Mezohek , It is 
obvious from the F igure and Tab les that the weed-k i l l ing effect of Dikon i r t 
was the most eff ic ient in the case of this l i fe form. 
It is known that the la te summer weeds (T 4 ) shoot en masse in dense ly 
growing wheat in May and June, and even ear l ier in thinly g row ing whea t . 
Spray ing of wheat with Dikonir t is usua l ly carr ied out from the m idd l e 
of Apr i l ti l l the midd le of M a y ; on the farms invest igated for instance, it w a s 
performed everywhere between M a y 5 and 10. As the effect of Dikon i r t spray -
ing lasts for about 4 - 5 weeks , the inf luence of the herbic ide extends to the 
period when the la te summer weeds sprout ; these therefore come into contact 
with the weed ic ide in just that stage when they are biologica l ly the most 
sensit ive to it. In contrast to ear l ier f ind ings (UBRIZSY, 1958a,B), this is the 
explanat ion for the very sensit ive reaction of the la te summer w e e d s (T 4 ) to 
Dikonir t spray ing . A t the same t ime, the cause of the low effect of herb ic ides 
pn the life forms T 2 and T : l may be that at the t ime of their being sp rayed 
some of the species belonging to these weed groups are a l r e ady over the per iod 
of being sensit ive to herbicides. 
Of the perennial weeds winter ing in the soil , the cover of couch-grasses 
( G , ) was not decreased by Dikonirt . In the case of the radic i form couch-grasses 
(G 3 ) , however , a decrease of about 2 0 % could be observed ( f rom 5 .25 to 
4 . 2 9 % ) . It is true that Convolvulus arvetisis has a somewhat larger cover v a l ue 
among wheats with Dikonir t , but the exp lana t ion of this may presumab ly be 
that the cover there wa s or ig ina l ly larger than in untreated crops (Tab le I ) . 
3. D e v e l o p m e n t o f w e e d s i n w h e a t c r o p s e x p o s e d t o 
S i m a z i n a f t e r - e f f e c t 
Whea t crops with S imazin after-effect were recorded a t Mezonagymiha l y 
and Enying . A t Mezonagymiha ly , the crop-f ie ld wa s treated with 7 kg S imaz in 
per cad . yoke in the spring of 1961 . At Eny ing , some of the f ie lds inves t i ga ted 
were sprayed with 5 kg Simazin per cad. yoke in the autumn of 1960, and 
Li fe f o r m s 
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the rest in the spring of 1961 . In these two areas , the extents of the d a m a g e 
and the weed cover of the wheat were d i f ferent , and thus separate recording 
series were made for them. 
A t Mezonagymiha i y , and in the f ie ld sprayed in the autumn of 1961 at 
Enying , the crop began to turn ye l low in Apri l and M a y of 1963 and , owing 
to the after-effect , about 1 5 - 2 0 % of the wheat perished. Empty spots deve l -
oped sporadica l ly , but the whole crop became thinner, and the place of the 
destroyed crop was part ly occupied by weeds , correspondingly , in contrast to 
the 18.81 weed cover of the t rad i t iona l wheat crops, the weed pollution of 
the f ie lds under af ter-effect increased to 28.47%» (Tab ic 2 ) . 
In the whea t crops wi th Simazin after-effect , two weed groops in part ic-
ular were found in la rge numbers : the one-year old weeds from the la te sum-
mer ( T ( ) and the perennial radic i form couch-grasses winter ing in the soil 
( F i g . 3 ) . 
Fig. 3, Development of weeds in the wheat crops with Simazin after-effect, according to life 
forms. 
The average cover of the la te summer weeds (T 4 ) in the sites inves t iga ted 
proved to be 1 6 . 2 5 % , their presence being more than twice as frequent as 
jn the crops cu l t iva ted in the t rad i t iona l w a y . L i fe from T 4 occurred in ex-
tremely high numbers, with 2 3 . 2 9 % , at Mezonagymiha i y where Ecbinochloa 
crus-gdlli propagated itself to an incredible degree ( 1 6 . 6 6 % ) . 
According to the invest igat ions of UJVAROSI, ( 1951 ) , densely g rowing 
cereals, including whea t , exert an effect on the deve lopment of weeds shooting 
among them. Here , however , the crop became thin due to the af ter -effect and 
the weed-suppress ing inf luence could no longer prevai l in a suitable way from 
the beginning of May , this result ing in the mass propagat ion of the late sum-
mer weeds . 
Of the perennia ls , the advance of the radic i form couch-grasses (G„) could 
be observed, their a v e r a g e cover being 9 . 6 3 % in the wheat wi th S imazin a f te r -
effect , compared to 5 . 2 5 % in the non-chemical ly t reated f ie lds . In the groups, 
mainly Rubus caesius p reva i l ed with its large mass. 
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The S i m á i n aftcr-cffcct , and the consequent overgrowth with weed, mani-
fested itself in the crop results, too, for in the f ie lds affected 1 5 - 2 5 % less 
wheat grew than in the untreated ones. 
Summary 
In 1963, weed recordings were carried out in f ie lds the weed conditions 
of which had been elaborated in detai l by ÚJVÁROSI in 1949 -1950 . Tradi t ional 
wheat crops and those treated with Dikonirt or under Simazin after-effect 
were investigated to establish the roles of the individual factors in the devel-
opment of the weeds. 
The recording results can be summed up as fol lows: 
1. The agrotechnology of large-scale farming makes its effect felt in a 
def inite ly positive way on weeds in wheat crops. In the tradit ional cult ivat ion 
the weed cover of the wheat crops investigated decreased 5 6 % as compared to 
those in 1949 -1950 , that is to less than half the previous cover, merely as a 
result of more up-to-date agrotechnical processes. Within this favourable change 
in the total cover the differences for the single l ife forms arc of var ious ex-
tents. The amount of one-vear old weeds (T) decreased to be about half year 
the old va lue . The early summer weeds (T.,) shooting in autumn, and occurring 
in large numbers in the old wheat crops, lost their ear l ier importance both as 
to the number of species and to the covet. The decrease in early summer weeds 
shooting in spring (T3 ) was 5 0 % or so. The number of species and the cover 
of those from late summer (T^), however, somewhat increased. The increase in 
the latter can be explained mainly by their propagation among the thinly grow-
ing Ital ian wheats where this weed group could easi ly prevail . The weeds 
wintering in the soil (G) were forced back to one-third of the control va lue 
during the 13 years. The decrease in couch-grasses ( G ( ) was higher ( 8 0 % ) 
than that in the radiciform couch-grasses ( 4 7 % ) . As in the earl ier invest igat ions 
the weed-decreasing the effect of the agrotechnology of large-scale farming is 
therefore definitely proved. 
2. Spraying with Dikonirt resulted in a further 2 7 % decrease in the total 
weed-cover of the wheat crops. The reactions of the individual weed groups 
to the hormone-based herbicides, however, were different . Of the one-year 
olds, the cover of X, hardly changed as a result of 2 , 4 - D . The cover of group 
T3 grew a little, but there was a very considerable decrease ( 5 0 % ) in that of 
T j . The herbicide effect of Dikonirt, therefore proved to be most effect ive 
with this l ife form. Of those wintering in the soil, group G , was nor affected 
at al l by Dikonir t ; a 2 0 % decrease was induced in the amount of G ; t , however. 
3. In areas treated with Simazin, about 15—20% of the wheat perished 
in the third year after being sprayed, due to the after-effect . This resulted in 
6 0 % more weed cover as compared to the control. In crops becoming thinner 
as a consequence of the after-effect, part icularly some members of weecfc 
groups T 4 and G-j propagated themselves in large quantit ies . As a result of all 
these factors the crop of those areas decreased by 2 0 - 2 5 % . The da ta from the 
investigations therefore suggest the more careful agricultural administrat ion of 
the areas under Simazin after-effect. 
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Introduction 
Af te r the pioneering studies by EHRLICH and HALL ( 1959 ) , modern re-
search into the ultrastructures of fossil sporomorphs began with the work of 
PerriTT and CHALONER ( 1964 ) and then PETTITT ( 1966 ) . The essential ad -
vance in these latter two publ icat ions wa s that the objects of transmission 
electron-microscope (TEM) studies were predetermined . Later , KEDVES and 
PARDUTZ ( 1970a ,b ) strongly urged the need for l ight-microscopic documentat ion 
to be given on samples intended for examinat ion , before the preparat ion of 
ultrathin sections, in order that it be possible to fol low any changes in termino-
logy even a f t e rwards . The TEM examinat ion of important sporomorphs is ge-
nerally carr ied out with the fol lowing a ims : 
1. The e luc idat ion of the wal l -s t ructure of the fossill sporomorphs, part i -
cularly in the porc-wal l region where l ight-microscopic examinat ions have 
frequently led to contradictory results. 
2. The use of ultrastructural da ta in taxonomic descript ions, or the supp-
lementation or necessary revision of the ear l i e r descriptions. 
3. For a more precise establ ishment of the botanical relat ionships, together 
with the l ight-microscopic morphology. 
4. To d r a w evolut ionary conclusions on the basis of the ultrastructures 
between sporomorphs of var ious geological ages and belonging to var ious types. 
Numerous such part ia l results have a l ready been or a r e now being pub-
lished. The a im of the present paper is to col late and systemat ize the a v a i l a b l e 
data , and to extract the most essential correlat ions from these in the hope that 
these wi l l g ive new start ing points for future studies . 
The l i tera ture data ava i l ab l e in the history of the deve lopment of the f lora 
a r e listed in main groups according to the sporomorphs. A f t e r the names of the 
indiv idual species or form-species comes the geological age , and then in brac-
kets the number of the l i terature reference where the deta i l ed descriptions can 
be found. 
At present ultrastructural results a r c known for the fol lowing listed taxons : 
I. I sosparous P t e r i d o p b y t a spores 
Psilopsida 
1. Arcbaeotriletes sp., U, Devonian (15) , 
T mesopsida 
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2. Microjoveolatosporis pseudodentatus W . KR. 1959, L. Eocene (9) . 
P ter op sida 
Leptosporangiatae 
F il ic al es 
3. Leiot rile tes adriennis (R, POT. ANTL GELL. 1933) \V. KR. 1 9 5 9 a sp . tri-
pla noid KDS. 1961 , L . Eocene (9). 
4. Appendicisporites tricuspidatus WTYL. and GREIF, 1953 , U. Cretaceous (9) . 
5. Toroisporis (Toroisporis) eoccnicus KDS. 1966, L. Eocene (9). 
H. Heterosporo us P te ridop b y t a spores 
Lycop sida 
Lepidodendralcs 
6. Laevigatisporites cl. glabratns (ZERNDT) R. POT. and KKEMP 1954 , VIR-




7. Arcbaeopteris cf. jacksoni DAW SON, Devonian (15) . 
Hydropterides 
8. Azolla cf. aspera DOROFEEV (1963), L. Pliocene (10). 
9. Azolla nana DOROFEEV 1959, L. Miocene (10). 
10. Azolla tomentosa NIKITIN EX DOROFEEV 1955 (10). 
U . Azolla teschiana FLORSCHUTZ 1945, L. Eocene - Palaeucenc (10) . 
12. Azolla tegeliensis FLORSCHÜTZ 1938, L . Pleistocene ( 1 1 ) . 
! 3 . Salvinia cerebrata DOROFEEV 1955, Pliocene Pleistocene (12). 
14. Salvinia rbenana KEMPF 1971, PI iocene/Pleîstocene (12) . 
III. G y m n o s p e r m a t o p h y t a sporomorphs 
Pteridospermopby t ina 
Pteridospermopsida 
15. Scbopfipollenites sp., V i rg i l l i an (15) . 
16. Trigonocarptts sp., V i rg i l l i an (15) . 
17. Cystosporites gigant eus (ZERNDT) SCHOPF 1938, L. Carbon i fe rous (15) . 
18. Didymosporites scolti CHALONER, L. Carboniferous (15 ) . 
Conijeropbytina 
Cordait opsida 
19. Florimtes sp., - (15) . 
Coniferopsida 
20. Cf . Araucariacites v. Granulatisporites fsp., U. Cretaceous (9) . 
21. Spberipollenites scabrattts COUPER 1958, Jurass ic (9) . 
22. Classopollis sp., C bei role pi s muensteri, Rhaet ic (16) . 
23. Classoidites glandis AMEROM 1965, U. Cretaceous (9) . 
2 4 . Wodebouseia s pina ta STANLEY 1 9 6 1 , U . Cretaceous ( 1 3 ) . 




25. Atlantopollis reticulatus W. KR. 1967, U. Cretaceous (2, 3). 
26. ComplexiopoUis praeatumescens W . KR. 1959 emend. HEGEDŰS, KEDVFS 
a n d PÁRDUTZ 1 9 7 2 , U , C r e t a c e o u s ( 2 , 3 ) . 
27 . Trudopollis mecbanicus PF. 1953, L1. Cretaceous (3 ) . 
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28 . Oadopollis zaklinska'tae GÓCZÁN 1964, U . Cretaceous (2) . 
29. Hungaropollis fsp. , , U . Cretaceous (2) . 
30. Hungaropollis fsp..,, U . Cretaceous (2) . 
31. Hungaropollis fsp,3 , U . Cretaceous (2) . 
32. Inter poropollenites endotriangulus HEGUDÜS, KEDVES and PÁRDUTZ 1972, 
U. Cretaceous (2) . 
33. Vacuopollis ortbopyramis PF. 1953, U . Cretaceous (3). 
34. Basopollis basalts (PF. 1953a ) PF. 1953a , L. Eocene (7). 
35 . Pompeckjoidaepollenites subbercynicus (PF. 1953b) emend. W . KR. 1967, 
L. Eocene (6) . 
36. Nudopollis terminális (PF. and Т н . 1953) PF. 1953b subfsp. bastaformis 
PF. and Т н . 1953, L. Eocene (6) . 
37. Plicapoltis pseudoexcelsus ( W . KR . 1958a ) W. KR. 1961 d subfsp. turgidm 
PF. 1953a , L. Eocene (6 ) . 
38. Inter poll is velum W. KR. 1961d , L . Eocene (6) . 
Postnorrnapolles 
39. T riporopollenites robustus PF. 1953a. , L. Eocene (6). 
40. Subtriporopollenites constant PF. 1953a subfsp, magnus W . KR. 1961d , L. 
Eocene (6) . 
41. Intratriporopollenites microreticulatus Ma i 1961, L. Eoceoc (6). 
42. Composhoipollenites rbizopborus (R . Р о т . 1934b) R. Р о т . 1960 subfsp. 
burgbasungensis MURR. and PF. 1953, L. Eocene (6). 
43 . Diporiles iszkaszentgyörgyi KDS, 1965 , Т Е М d iagnos i s : KEDVES and PÁR-
DUTZ 1972a , L . Eocene (7) . 
4 4 . Teixeraipollenites globosus PÁRDUTZ, JUHÁSZ, DINIZ a n d KEDVES 1 9 7 2 , 
U. Cretaceous (14) . 
Longaxones 
45. Transdanubiaepollenites magnus KI:DVES and PÁRDUTZ 1972A, L Eocene 
(7) . 
46. Tricolporopollenites sooi KEDVES and PÁRDUTZ 1972 a, L. Eocene (7) . 
47. Tricolporopollenites minwerrucatus ROCHE 1968, L. Eocene (7) . 
48. Tricolporopollenites kruscbi (R. РОТ. 1931) Т н . and PF. 1953 subfsp. ac-
cessor') us (R. POT. 1934) Т н . and PF. 1953 , L. Eocene (7) . 
49. Tricolporopollenites cingulum (R . Р о т . 1934) Т н . and Pf . 1953 subfsp. 
pusillus (R. POT. 1934 ) Т н . and PF. 1953, L . Eocene (7) . 
50. Tricolporopollenites margaritatus (R . Р о т . 1931a ) Тн . and PF. 1953 f. 
medtus PF. and Т н . 1953 . L . Eocene (6) . 
51 . Tricolporopollenites cf. microreticulatus PF. and Th. 1953, L . Eocene (7) . 
52. Polycolpltes viesenensis W . KR. 1961 , L . Eocene (7) . 
Monocotyledonopsida 
53. Arecipites barakati HEGEDŰS, KEDVES and PÁRDUTZ 1972, U. Creta-
ceous (3) . 
The examinat ions to da te have led to the fol lowing essent ia ! conclusions: 
The wal l of the isosporous Upper Devonian Arcbaeotriletes sp. spore is 
uniform and composed of anastomosing rodlets of sporopollenin (PETTITT, 
1966) . We l l -de f inab l e layers can not be dist inguished in the wa l l s of thc( 
Lower Eocene Tmesopsida and the Upper Cretaceous and Lower Eocene Fili-
cales spores. Two parts can be discerned on the basis of the electron a f f i n i t y . 
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the external ectexosporium and the internal endexospor ium. The superf ic i a l or-
namentat ion is exclusively a formation of the ectexosporium. 
S im i l a r l y , separate layers can not be d is t inguished in the wa l l of Laevi* 
gatosporites cf, glabratus (ZERNDT) POTONIE and KREMP de r ived f rom the 
hcterosporous Sigillaria f ruct i f ica t io ; the entire thickness of the ex ine is com-
posed of the fami l i a r r ami fy ing units of sporopollenin (PETTITT, 1966 ) . The 
wa l l s of the hcterosporous Pteridopbytae a r e conf i gu ra t ed ; PETTITT ( 1 9 6 6 ) d is -
t inguished two layers in the wait of Arcbaeopteris cf. jacksoni DAWSON, and 
named them cctexinc and endexine. Very many da ta are ava i l ab l e on the ul tra-
structures of the spores of the Hydropterides species, which are de r i v ed pr ima-
rily from younger, Ter t iary deposits. In this connection, mention must be m a d e 
of the f ind ing of KEMPF ( 1969a ) that the per inaeum of the Azolla mcgaspore 
resembles that of the Angtospermae sporodermis in the a r rangement of the foot 
layer , the columel iae and the tectum. 
As regards their ultrastructures, the Pteridosperrnopsida sporomorphs can 
be sa id to be heterogeneous. For. Schopfipollenites sp. it proved possible to 
detect an ectexine and an endexine , the externa l wi th a spongy, and the inter-
na! wi th a l amel l a r ultrastructure. Layers can not be ident i f i ed for Trigono-
carpus sp. , whi le the wal l consists of a three-dimensional network of sporopol-
lenin g iv ing a spongy appearance (PETTITT, 1966) . T w o layers can be d iscer -
ned in the wa l l of the Cystasporites giganteus (ZERNDT) SCHOPF 1938 mega-
spore ; the external one is composed of f ibr i l s of two d i f ferent d imensions , 
whi le the internal layer is very thin and homogeneous. F ina l l y , the complete ly 
homogeneous wal l -s tructure of Didymosporites scottic Chaloner is surpr is ing . 
S imi l a r to the spore, a two-layered ul t rastructure can be ident i f i ed in the 
wa l l of Florinites sp. pollen belonging to the Cordaitopsida. 
The fine structure of the wa l l of cf, Arancariacites v. Granidatisporites 
l isted in the Conijeropsida is of an ang iospcrmal na tu re ; it is d i v i d ed into 
tectum a n d c o l u m e l l a s The pollen wal l of the Jurass ic Spheripollenites scab-
ratus is marked ly of an Angiospermatopbyta character , and conta ins tectum, 
co lumel iae and foot layer. The exine u l t rastructure of the ClassopoU'ts and 
Classoidites genus is extremely compl icated, and even more compl icated than 
that of the recent angiosperms. As regards ultrastructure, the two form-genera 
can be d is t inguished by the columel iae above the endexine . 
TEM d a t a for the recent species have been interpreted in that the fossil 
Angiospermatopbyta exines consist of ectex ine and endex ine . The ectex ine is 
built up of three layers (tectum, columel iae , foot l ayer ) . Thus, the terms ecte-
xine and endexine , which are used in l ight-microscopic descr ipt ions, do not ag-
ree with the ultrastructural results. In genera l the innermost l ayer of the 
ectexine (foot layer ) is termed endexine. It must be noted that the detect ion 
of the endex ine by light-microscopic methods is fa i r ly d i f f i cu l t , because it d i f -
fers from the ectexine in its ultrastructure or electron a f f in i t y . The main mor-
phological types of the pore-wal l exine had to be reassessed wi th the u l t ra -
structural da t a , c. g. atr ium, vest ibulum, prcvcst ibulum, colpore. It is a genera l 
phenomenon for fossil angiosperm pollen gra ins too that if there is an endex ine 
below the ectexine, then this is thickened in the pore-wal l region, in the Bre-
vaxones and Longaxones taxons studied the evolut ionary va lue of the endex ine 
is d i f fe rent . In the most pr imit ive Brevaxoties - Normapolles form-genera (Al-
lantopollis, ComplexiopoUis) the endexine occurs fa i r ly genera l ly , whereas it is 
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absent from the more deve loped Lower Eocene types. Thus, the deve lopment 
within this group is revea led by the decrease of the number of layers . On the 
other hand, it may reappear in the more deve loped , modern angiosperm pol len 
grains, but natura l ly with another taxonomic va lue . It has so far not proved 
possible to establish a s imi lar re lat ionship for the Longaxones pollen gra ins , 
since the occurrence of the endexine is qui te genera l . Three types of endex ine 
occurred within the g roup ; these may possibly also have evolut ionary or taxo-
nomic importance later. The ultrastructure of the pr imit ive Postnor/napolles 
taxons (e. g. Subtriporopollenites constant magnus) can be ident i f ied wi th that 
of the recent genera , and so the botanical connections can be establ ished even 
in the cases when there was no possibi l i ty for this in the l ight-microscopic 
examinat ions . From an ultrastructural point of v i ew a s ignif icant proportion of 
the Pa l aeocece — Lower Eocene Normapolles a re of an Amentiflorae type. It 
wa s necessary to emend the l ight-microscopic d iagnoses for several fossil Angto-
spermatophyta taxons, whi le the u l t rastructura l da ta too were used in the 
descriptions of the new taxons. 
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I n t r o d u c t i o n 
In our ul trastructural studies on Lower Eoccnc Normapolles exincs it wa s 
found that these are der ived from pr imit ive Amentijlorae taxons (KEDVES and 
PÁRDUTZ , 1970a,B). In the Normapolles taxons the occurrence of the endcxine 
as a function of the geological period is of evolut iooary importance (KEDVES, 
HEGEDŰS a n d PÁRDUTZ, 1 9 7 1 a , HEGF.DÜS, KEDVES a n d PÁRDUTZ, 1 9 7 1 ; 1 9 7 2 ) , 
Our ultrastructural examinat ions have permitted the e lucidat ion of frequent ly 
complex pore-wal l ex ines of fossil pollen grains . 
In spite of the fact that numerous l i terature da ta a r e known on the ultra-
structures of the recent Ament i f lorae taxons (AI-ZELIUS, 1 9 5 6 - in ERDTMANN, 
1 9 5 6 ; UENO , 1 9 6 3 a , B ; TAKEOKA a n d STIX , 1 9 6 3 ; STONE, REICH a n d W H I T -
FIELD, 1964, STOINÍ and BROOME, 1971) , we considered it necessary to carry 
out studies in accordance with the fol lowing points of v i e w : 
1. The descr ipt ion of the exine ultrastructure in those taxons where out-
knowledge is incomplete . 
2 . The exact study of the endexine in the species under examinat ion . 
3 . Interpretat ion of the concepts of pore, a t r ium and vest ibulum used 
in the description of fossil taxons in the pore-wal l region, on the basis of the 
ultrastructural d a t a in the recent taxons, 
4 . Establ ishment of the ul tra structural nature of special exine formations. 
Materials and Methods 
The species examined were the following: Corylus tveilaua L., C. colurna L„ C. siebol-
dtana BLUME, Cannabis sativa L., Catya amarct NUTT,. C. ovata (MILL.) C. KOCH, /.tglans 
California! WATSON, Myrica gale L„ Betula alba L„ B. pubescens EHKH.. Alntts glutinosa (L.) 
GAERTN. The examination material originates from the Botanical Collection of the Natural 
Science Museum, and we should like to take this opportunity to express our grateful thanks 
to the Director. JoLiA L A C Z A - S Z U J K Ó . 
Taking into account the work of STONE and BROOME (1971) , our ultra-thin sections 
were prepared from acetolvzed pollen grains. With more complex light-microscopic morphology 
serial sections were used in the pore-wall region, as introduced on the Casuarlna genus exine, 
where this was necessary (KEDVES, HEGEDŐS and PÁRDUTZ. 1971b). The results are described 
genus-wise. 
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Resu l t s 
Corylus L (Fig. 2 / 1 - 4 ) 
Interpore-wal l ex ine. - Tectatc , perforated with nar tow channels , sp inac 
on the surface. The e lements of the columel lae a re var i ed , mainly e l l ipso id and 
columnar. An endexine can not be dist inguished below the foot laver . T C F = 
3 - 4 1 . 5 -2 T. (Fig . 2/1) 
Pore-wal l ex ine. - The tectum is unchanged in the pore-wal l region. The 
e lements of the columel lae are accumulated , and smal l , mainiv snher ica l for-
mations appea r below the tectum. The l ame l l a r endex ine is m a r k e d in the 
pore-wal l region (Fig. 2 2 - 4 ) . Thus, the annu lus is a formation of the colu-
mel lae and the endexine in this genus. The tectum bends inwards a long the 
pore and combines or almost combines with the foot l ayer (Fig . 2 4 ) . 
Cannabis L . (Fig . 4/1—4). 
Interporc-wal l ex ine. - Tectatc non-perforate , l a rge sp inac on the surface 
of the tectum. The elements of the columel lae arc mainly columnar . An en-
dex ine can not be discerned below the foot layer . T/C/F=3—4 2 1. (F ig . 4/4). 
Pore-wal l ex ine. — The rectum is unchanged in the pore-wal l region. The 
e lements of the columel lae are strongly increased, main ly by smal l , spher ica l 
e lements (Fig, 4 . 1 ) , The annulus is formed in this way (Fig . 3 ; 4 2, 3) . The 
foot layer becomes extremely thin at the annulus , and a lmost breaks , a n d 
under it appears endex ine with a granular u l trastructure . The tectum bends in-
wards along the pore, and combines with the t ape red foot l ayer (F ig . 4 2, 3) , 
r ig. 1. Ultrastructure of Corylus colurna L. csinc in the pore-wall region. 
T — tectum, C — columellae, F — foot layer, sp = spinae, eh — channels. En = en-
deiine, Ep = cxopore, En p = en do pore. An = annulus. 
Carya NUTT, ( F i g . 6 / 1 - 4 ) 
Note. — The pore-wal l openings are s i tuated sub-equator ia l ly , and the 
ex ine becomes thin at the poles. Interpore-wal l ex ine. — Tectatc , per fora ted 
with narrow channels, the tectum with spinae. The elements of the co lumel l ae 
are spherical or e l l ipsoid, and frequently anastomize . Along the poles, where 
Fig. 2. Corylus column L. 
1 . — Ultrastructure of the interpore-wall exine. M : 25.OO0X. 
2 — 1 . — Ultrastructure of the pore-wall exine in serial section. M : 25.00ft*. 
T = tectum, C = columellae, F = font layer, sp = spinac. ch = channels. En = endexine. An == 
annulus, P = pore. 
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Fig. if. Ultrastructurc tif Cannabis saliva L. exine in the pore-wall region. 
T = tectum, C = columellae. F = foot layer, sp = spitiae. En = cndexinc. Ep = exopore. 
Ertp = endopurc. An = annulus. 
Fig. 4. Cannabis saliva L. 
1 . — Uitrastructurc of the pore-wall csinc in the vicinity of the pore-wall region. M : 25 ,000x. 
2. — Ultrastructurc of the pore-wall exine in the pore-wall region. M : 50 ,000s . 
3. — Ultrastructurc of the pore-wall region in the pore-wall region. M : 25,OODx. 
4 — Ultrastnicture of the intcrporc-wall exine. M : 25.00Ox. 
T = tectum, C = c o l u m e l l a e , F = foot layer, sp = spinae. En = cridexinc, An = annulus. P = 
pore. 
sp 
- V 'i-ts&vri; 
. v 
Fig. 5. Ultrastructurc of Carya amara MuTT. exine in the pore-wall region. 
T = tectum, C culumcllae. F = foot layer, sp = spinae, ch = channels. At = atrium. 
the exine becomes thin, the tectum and the foot layer are unchanged, and the 
elements of the columellae are generally in two rows - T C ' F = 1 . 5 1 I - but 
in the vicinity of the equator they are genera l ly observed in eight rows -
T C F = 1.5/4 E (Fig. 6 I , 4) . 
Pore-wali exine. — The tectum bends inwards along the pores, its thick-
ness unchanged, and the columellae too become narrow only along the pores. 
There is no annulus, the foot layer is broken in the pore-wal l region, and 
hence there is in essence an atrium (Fig. 5 ; 6 2, 3) . 
Juglam L. (Fig. 8/1-3) 
Interporc-wall exine. - Tectate, perforated with narrow channels, rela-
t ively large spinae on the tectum. The elements of the columellae are spherical 
or el l ipsoid, and are arranged in four rows on the tapering polar parr of the 
exine, and general ly in six rows in the vicinity of the equator, T C F = 1.5—2/ 
1.5 1 or 1 .5-2/2-2 ,5 1. There is no endexine below the foot layer. 
Pore-wall exine. - The tectum agrees with that of the Carya genus in the 
pore-wall region. The elements of the columellae arc accumulated, however, 
in 1C-14 rows, and form an annulus. The foot layer is broken in the pore-wall 
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Fig. 6 . 1. — Ultrastructure of Cur y a amara NUTT. interpore-wall c.tine with the tapering tolu-
mellac at the poles, M : 2 5 . 0 0 0 s , 
2. — Ultra structure of Cerya alba NuTT. pore-wall ex inc. M : 10 ,000x. 
3. — Ultrastructure of Carya amara NUTT. exinc io the pore-wail region. M : 10.000?: . 
4. — Ultrastrurrure of Carya amara NUTT. intcrpore-wall exine in the equatorial re-
gion. M : 50.00Ox. 
T = rectum. C = columellae, F = font layer, sp = spinae. ch = channels. At = atrium. 
Fig. 1. Ultrastructurc of Juglatis cal i for nica WATSON exinc in the pore-wall region. 
T = tectum, C — columellae. F = foot layer, sp = Spinae, ch = channels, At = atrium. 
An — annulus, Ep = exopore, Enp = endopore. 
Fig. 9. Ultrastructurc of Myrica gale L. [ = Gale palustris (LAM.) CHEVAL.] exine in the pore-
wall region. 
T = tectum, C = columellae, F — fnot layer, sp = spinae. ch = channels. At = atrium. 
An = annulus. Hp = exopore, Enp = endopore. 
Myrica L. (Fig. 10/1 -5) 
Interpore-wal l ex inc. — Tectate , rare ly perforated wi th narrow channels , 
sp inae also rare ly s i tuated on the surfacc. The elements of the co lume l l ae a r e 
Spherical , e l l ipsoid, or rare ly columnar, and a r ranged in one, or rare ly two rows. 
There is no endexine below the foot l a ye r (Fig , 10 5) . T C F — 2-3 —1.5 1, 
Potc-wal l ex inc. — The thickness of the tectum is unchanged in the pore-
wal l region, and it bends inwards along the exogermina l i a . The e lements of 
the columel lae form an annulus by their accumula t ion , and here the structura l 
e lements frequent ly anastomizc . The foot layer breaks in the v ic in i ty of the 
pore-wal l region, part ia l lv d iv ides up, and in this wav the a t r ium is formed 
(Fig . 9 ; 10/1-4 ) , 
Betula L. ( F i g . 1 2 / 1 , 3 , 4 ) 
Intcrpore-wall exinc. - Tectate , perforated with narrow channels , deco-
ra ted with spinae on the surface (Fig, 12 1). The columel lae and the foot l a ye r 
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Fig. 8. Jnglans t alt for tit ca WATSON 
1. — LI It restructure tif the pore-will region. M t 25.000x. 
2. — Ultrastructure of the interpore-wall region in the vicinity of the pole, with the tapering 
col urn el lac. M : 50,000*. 
— Ultra structure of the interpore-wall exine in the equatorial region. M : 50.000*. 
T = tectum, C = columellae, F = foot layer, sp = spinae. ch = channels. At = atrium, P = 
pore, 
arc very narrow, in contrast with the tectum. T C F = 6 - 7 2 U The columellae 
are single-rowed, and their elements have various shapes, el l ipsoid, columnar, 
etc. 
Fig. 10. Myrica gale L. [— Gale pains Iris (LAM.) CHEVAL.] 
1,2.4. — Ultrastructure of the pore-wall exine in serial section. M : 10.000*. 
3. — The columellae in the pore-wail region. M : 25.000*. 
5. — Ultrastructure of the interpore-wall exine. M : 50.000*. 
T = tectum. C = columellae, F = foot layer, sp = spinae. ch = channels. At = atrium. An = 
annul us. 
Fig. 11 . Ultrastructure uf Bent/a alba L. exine in the pore-wall region. 
T = tectum, C = columellae. F = foot layer, sp = spinae, ch =channels. En = en-
dctinc, V = vestihulum. An = annukis, Ep = exopore, Enp = endopore. 
Pore-wall exine. - The tectum is unchanged in the pore-wall region, while 
the elements of the columellae are in part larger than in the interpore wa l l , 
and in part accumulate and form an annulus. The foot layer breaks before the 
pores, and separates a little from the columellae (Fig. 11; 12 3 , 4 ) . There is 
an endexine of marked lamel lar ultrastructure below the foot layer in the 
pore-wall region. 
Abuts MILL. (F ig . 1 2 2, S) 
Interpore wal l exine. - Tcctate, perforated by narrow channels, with wide -
— based spinae on the surface. The elements of the culumeilae arc two- and 
three-rowed, spherical, el l ipsoid, or irregular in shape (Fig. 12 2). T C F = 
2-3/1-1.5/1. 
Pore-wall exine, - The tectum becomes narrower in the direction of the 
exogerminal ia . The elements of the columellae arc strongly accumulated, in 
10 -12 rows, and also somewhat larger than in the interpore-wall region, the 
foot layer too is thicker before the pore-wall openings, and under it is a 
narrow endexine of lamel lar ultrastructurc. The foot layer and the endexine 
are a little separated from the columellae (Fig. 12/5; 13). 
Fig. 10 
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Discussion of the results 
From a comparison of our results with the f indings of STONE and 
BROOME (1971) , the fol lowing conclusions can be arr ived a t : 
The occurrence of the channels is general in the tectum in the Betula-
ceae, Corylaceae, jttglandticeae and Rboipteleaceae fami l ies , they a r c rare in 
the Myricaceae species s tud ied , and they arc not found in Cannabis sativa: 
thus, to a certain extent they are of taxonomic importance. The spinae on the 
surface arc a general feature wi th Ament i f l o r a e ; they are probably of ecologi-
cal s ignif icance, and a result of wind-pol l inat ion. According to TAKEOKA and 
STIX (1963), its f iner morphology is of taxonomic va lue , but this can be eva-
luated pr imar i ly with a scanning electron-microscope method. On the basis 
of the species examined , the f iner morphology of the columel lac for taxonomic 
dist inction, pr imari ly of the genera . 
According to our present knowledge , the cndex inc does not occur in the 
juglandaceae genera (Car y a, Engelbardtia, jitglans) and in the Myricaceae. 
In the Cory laceae and Betu laceac genera there is an cndex inc with lamel lar 
ultrastructure in the pore-wal l region, whi le in Cannabis sativa there is an en-
dexine with granulated ul trastructure . As regards the ultrastructure, this la t ter 
species is very well d ist inguished not only by its character ist ic endexinc, but 
also by the fact that there are no channels in the tectum. 
The annulus is genera l ly formed by means of the accumulat ion of the e le-
ments of the columel lac , and in the Corylaceae and the Betulaceac the cnde-
xinc too part ic ipates in its formation. In Cannabis sativa the endexine is not 
important from this respect. 
Fig. 12. 1. — Ultrastructure of Rétala alba [.. imerpore-wall exinc. M : 25,000x. 
2. — Ultrastructure of Alnus glutinosa (L.) GAERTN. inrerpore-wall exinc. M ; 
25,00Ox. 
3.4. — Ultrastructure of Betula alba- L. pore-wall exine. M : lOOOOx. 
5. — Ultrastructure of Alnus glutinosa ( L J GAERTN. pure-wall exinc. M : 10.000;.. 
T = tectum, C = columellac, F — foot layer, sp = spinae, ch = channels, F.n = endexine, An = 
d exinc, V = vcstibulum, An — annulus, Ep = exopore, Enp = endopore. 
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In the pore the tectum and the foot l ayer combine (Cannabis saliva), or 
nearly combine : the two layer bend together (e. g. the Corylus genus) . In the 
atr ium the foot layer breaks before the pore-wal l reg ion ; this is typical for 
the Myrica and the Engelbardtia genera , but essent ia l ly the same is found for 
the Carya and juglans species too. In the case of the vcst ibulum the foot layer 
(together wi th the endexine) separates from the columel lae in the pore-wal l 
region and bends inwards towards the centre of the pollen. This is character is-
tic for the Be l id a and the Abuts genera . The „fa in ter zones" at the poles for 
the pollen gra ins of the Carya and Juglans genera arc formed by the taper ing 
of t h e c o l u m e l l a e ( c f . STONE, REICH a n d WHITFIELD, 3 9 6 4 ) . 
Summary 
1. In the Ament i f lo rae taxons the exine ul trastructural features arc par-
t ial ly of ccologic v a l ue (c. g. the spinae on the tectum), and par t ia l l y of tax-
onomic va lue . 
2. From a taxonomic point of v iew the channels, the f iner structure of the 
columel lae , the endexine and the pore-wal l region formations (pore, a t r ium, 
vcst ibulum) or the taper ing zones sometimes occurring on the poles of the 
pollen gra ins can be used. 
3. The features ident i f i ed in the recent taxons a r c identical to the ultra-
structural character ist ics establ ished on the fossil pollen gra ins (e. g. the atr ium 
in Plicapol/is pî eu do excel sus). 
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Introduction 
Of late years, plastic foils have been used increasingly for growing 
garden plants. In Hungary, the surface of foil beds was 1 million stj. m. in 
1965, and their use has considerably grown from year to year (SOMOS, 1967). 
With foil covering the vegetation t ime can be prolonged considerably both in 
>pring and autumn months, in this way providing an opportunity of producing 
early and late primeurs under f ield conditions. 
Somos and co-workers have dealt with the theoretical and practical prob-
lems of foil covering for some decades. They have elaborated several „foil 
cent" types and agricultural techniques for growing certain garden plants. 
For covering they have used colourless PVC and polyethylene foils. Since 
the 1950s, more and more researchers have atempted to apply coloured plastic 
toils under expcrimcnthal conditions. In Hungary, these investigations were 
begun by HORVATH (1965) in 1962. The theoretical basis is the old recognition 
(StNEBlER, 1785; later TIMTRYAZEV, 1875) that lights of different colours exert 
different effects on plants. 
Literature survey 
A change in the strength and qual i ty of the light is very important in 
the case of plants, as by means we can exert an influence on the photosynthe-
sis, the fundamental plant function. As a result, there is a change in the-
amount and composition of the organic matter in the plant, and, as shown by 
the results of several researches, the metabolic changes taking place in this 
way bring about external morphological, phenomenological, anatomical , etc, 
alterations. 
By prolonging the time of i l lumination, we general ly increase the produc-
tion of organic matter and. paral lel with this, the growth of the plant as wel l . 
Illumination providing intense photosynthesis usually also makes good growth 
possible. 
A c c o r d i n g to the f i n d i n g s of PAI. ( 1 9 6 6 ) a n d HORVATH a n d KOLTAY 
(1967), the plant height is influenced rather by the strength of i l lumination 
than by the spectral range. The stem length and leaf size are increased by a 
decreased energy level. The optimum strengths of il lumination are very* different 
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for the individual plant species: in most cases, full natural sunshine is not 
necessary-
In the development of the intensity of photosynthesis the leaf thickness 
coo plays an essentia! pan . If the leaves are very thick, the more absorpt ive 
light is absorbed already in the surface cells. For these leaves, the effect maxi-
mum is shifted towards the orange. Apart from the leaf thickness, the inten-
sity of photosynthesis is considerably influenced by the structure of the assi-
milat ing parenchyma, the number of leaf vessels and the quantity of supporting 
t i s s u e s (MCCLEDON, 1 9 6 2 ) . 
For the cabbaging (heading) of lettuce, a balance of i l lumination and tem-
perature is essential . DULLFORCE (1969) investigated under condit ioned cir-
cumstances the light and temperature values that are critical for cabbaging. 
At a permanent temperature of 13 C they could achieve cabbaging if the vis-
ible energy was 10 cal sq, cm day. The leaf surface of the seedl ings devel-
oping at 21 °C being larger, these plants make better use of the decreased win-
ter light amount. 
The morphological effects of lights of different qual it ies and intensities 
are strongly interdependent. The interdependence may be so strong that the 
effect of a ligth of a g iven quality becomes the opposite at a d i f ferent energy 
level. Red light, for example, increases the longitudinal growth of leaves at 
a low energy level but decreases it at a high energy level (NUERNBERGK, 1966). 
According to VINCE (1956), at the same energy level the size of leaf blades 
grows at a rate depending upon the spectral band, bur there are important 
differences between individual plants. With regard to the leaf surface, HOR-
VATH (1965) emphasizes the marked influence of the spectral composition but 
this differs according to the plant species. For pea, an increase in the propor-
tion of the blue spectral range enralges, whereas that of the red spectra [band 
reduces the leaf surface, while for paprika the blue reduces and the yel low 
enlarges it. 
According to FORTANIER (1954), the number of leaves is not affected by 
the qual i ty of the light. On the other hand, IIORVATH (1965), invest igat ing 
the effects of different spectral ranges, obtained a significant d i f ference : for 
paprika, considerably more leaves developed in the phvtotronc under ye l low 
fluorescence than under F M „orange" lamps. 
The effect exterted by the spectral composition of the light on the stem 
lengthening changes according to the plants, too depending upon the intensity 
of i l lumination. In connection with the lengthening of the internodes too, as 
for the size of the leaf blades VINCE (1956), generalizes the f inding that at 
an identical energy level the length of the internodes increases depending 
on the wavelength. 
HORVATH (1965), investigating the dry matter production of plants under 
colourless and yel low foils and of control plants, achieved higher values than 
for plants grown under red and blue foils. In his opinion, with the exception 
of highly l ight-demanding plants the organic matter production can be increased 
by decreasing the level of light energy (applying plastic foils) and ensuring 
the suitable spectral range. Concerning the organic matter production, he re-
gards the quality of the light as more important than its intensity. NUERN-
BERGK (1966) relates the effect of the spectral composition on the organic 
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matter production with the tissue structure of the leaf . Intensif ication of the 
strongly absorbing spectral ranges, i. e. the blue and red increases the produc-
tivity of photosynthesis only in the case of thin leaves . 
The qua l i t y of the l ight inf luences the plant t issues, too in a d i f ferent ia ted 
w a y . LÁSZLÓ-SZÁLKÁI ( 1 9 6 4 ) , HORVÁTH ( 1 9 6 5 ) a n d SIMON-SZEGEDI ( 1 9 6 9 , 
1970) studied and eva lua ted the morphological , anatomica l and product iv i ty 
changes of some domest icated plants, under l ights of different intensit ies and 
spectral ranges. The change could be eva lua ted above al l in the supporting 
tissue system and in the size-f luctuation of the l igneous part of the conduct ive 
t issue; the least change wa s in the phloem and cambium. The increase in the 
proportion of the l igneous part and the supporting tissue system takes place 
to the detr iment of the medul la ry parenchyma. The proportion of the l igneous 
part and the support ing tissue system is the highest in a light of spectral com-
position shifted towards the blue. Therefore , a relat ion of posit ive direction 
is achieved between both tissue systems as well as the increase in the rat io 
of the c a r b o h y d r a t e c o m p o u n d s (HORVÁTH, 1 9 6 5 ) . 
SIMON and SZEGEDI (1969 , 1970) , ana lys ing the stem tissue structure of 
pea grown under foil tents of d i f ferent colours, establ ished that the largest 
phloem deve loped in the plants in uncovered plots, and the smal lest in those 
covered with red foil. The uncovered, colourless and yel low var ia t ions accu-
mulated almost twice as much l igneous e lement as deve loped under green, 
blue and red foils. 
The results of several invest igat ions show that the effects of vary ing the 
spectral composition of the l ight by means of plastic foils arc not the same 
for d i f ferent species. It is important therefore, to invest igate these changes for 
the most important garden plants. 
Lactuca, Spinach and Rumex species were first invest igated, with regard 
to the effects of light of d i f ferent intensit ies and spectral compositions on the 
external morphology and tissue structure of the leaf . 
Materials and Methods 
Tbé investigations took place in 1970, under field conditions, in the Botanical Gardens 
of the Attila József University, Szeged. The following economically important primeur plants 
were investigated: 
Lactuca saliva L. var. cap. convar. Cabbage-lettuce „King of May", „Budai" and „So-
roksári". 
Spinticia oleracea L. var. glabra convar. Spinach „Eskimo", „Matador", „Viroflay". 
Rum fx acélosa L. var bonensis convar. „Large lea ved" Sorrel. 
The seeds were sown on May 14th (May—June experiment) and on June 25th (June— 
July experiment). Spinach was grown for five w-eeks, cabbage-lettuce for six weeks, and sorrel 
for seven weeks. (Sorrel was investigated only during the May—June growing.) 
The plants were grown under field conditions, in plots of 4 sqm. There were five va-
riants. each duplicated. Lights of different spectral compositions were provided by means uf 
coloured foil covers. The foils w'ere perforated in 25 per cent of the total surface. 
The experimental area was an irrigated meadow soil. The covering with a perforated 
foil (HORVÁTH. 1965) changed the air temperature to only a comparatively low extent (Table 1) 
The total radiation is decreased by the different means of covering to different degrees 
and the permeability is different in the individual spectral ranges. In the case of coloured foils 
(HORVÁTH. 19(55). the shifting of the Spectral Composition of the towards the foil colour can 
be well proved in every case (Table 2). 
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Table I 
variant total radiation air temperature 
uncovered control 100" „ 29,2 3C 
colourless foil 75",, 29 ,4 "C 
blue foil 3 8 % 29.0 °C 
yellow foil 6 2 % 28.6 °C 
ted foil 37" I, 27 .6 ' C 
Table 2 
variant energy distribution as a percentage of 
the energy in the spectral range 4 0 0 — 7 0 0 nm. 
1 2 3 4 5 6 
uncovered control 14 25 25 7 10 19 
blue foil 22 32 22 5 5 14 
colourless foil 14 2 4 2 6 8 12 19 
yellow foil 10 22 2 6 9 12 21 
red foil 11 14 11 4 14 46 
1 = violet ( 4 0 0 — 1 3 6 nm) 4 = yellow ( 5 6 6 — 5 8 9 nm) 
2 = blue (436—495 nm) 5 - orange ( 5 8 9 — 6 2 7 nm) 
3 = green ( 4 9 5 — 5 6 6 nm) 6 = red (627—700 nm) 
Table 3 
Month mean temperature C precipitation mm number of sunny hours 
1970 mean devia- 1970 mean de\ia- 1970 mean devia-
tion tion cion 
May 14,9 16.8 — 1.9 3 5 6 1 — 2 6 1 8 4 258 — 7 4 
June 20,9 20 .0 + 0.9 6 1 . 2 6 3 —6.H 231 271 — 1 0 
July 21 .8 22 .3 — 0.5 50 ,1 51 — 0 . 9 234 309 — 2 5 
Mean = 50-year nvcragc 
The main meteorological data during cultivation arc given in Table 3. compared with 
:hc 50-year mean (placed at our disposal by the Department of Climatology. Attila Jozsef 
University, Szeged). 
In the course of the outside morphological and phonological investigations the following 
characteristic were taken into consideration: 
1. number of leaves 
2. height of the plant 
3. maximum width and length of the leaf-blades 
4. fresh weight of leaves 
5. appearence of flowers and shunting of the seed-stalks 
The maximum length of the leaf-blade (lamina) was measured along the main vessel, 
;ind its at the widest part of the leaf. The values obtained in this way are approximately 
suitable for characterizing the size of the lamina. On collection of the material for investi-
gation, We recorded the fresh weight of the vegetative organs. From under foils of identical 
col, )urs, we weighed 20 individuals, each of average development. The number of leaves 
and the si2e of leaf-blades were investigated on five occasions ( 2 , 3 . 4 . 5 , 6 . — weeks old). 
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Fur histological processing f ive to ten well-developed leaves were collected from nods 3 — 4 — 5 
Kir every treatment. Ttie middle tliird of the leaves was used fot dissections. The material 
collected was fixed until processing in a mixture of absolute alcohol, formalin and distilled 
water in a ratio of 3 : 1 : 1 , or stored in 41)% cthanol. The leaves were prepared by macer-
ation. and embedded in cclioidin. The section were made with a microtome; after being 
cleaned they were stained progressively w'irh Ehrlich's iron haematoxylin and fixed in 
Canada balsam. 
On the adaxial and abaxial surfaces of the leaves and the leaf cross-section the follow-
ing recordings 50 fields of sight each were carried out: 
1 stoma number per ssj. mm. 
2. thickness of leaf-blade, 
3. thickness of adaxial epidermis and palisade parenchyma 
4. thickness of abaxial epidermis and spongious parenchyma 
5. proportion of phloem and cambium in the main vessels 
6. proportion of the ligneous part in the main vessels. 
Projected on transparent paper, the tissue parts of the conductive bundles in the main 
verse! were drawn round, The proportions of the ligneous and phloem tissues were estimated 
on the basis of the weight of the transparent paper, corresponding to the surface size of the 
tissue regions. 
The properties recorded show a curve of normal distribution. The reliability of the data 
UL'.S evaluated, therefore, by variance analysis, F and T tests. The calculations were carried 
cut with an M : 3 computet in the Cybernetic Laboratory, Attila Joiscf University. Szeged, 
The changes taking place as a result of the foil covers of different colours 
have been evaluated with regard to the intensity of i l lumination, and the 
spectral composition of t i c light. In the evaluation of the results, we have 
taken into consideration the favourable properties of the edible primeurs. 
i . N u m b e r o f l e a v e s 
In the M a y - J u n e growing, the most leaves were produced by the plants 
under yellow and colourless foils, except for sorrel. The fewest leaves fon^d 
under the blue and red foils. 
For garden sorrel, covering with foil is not favourable as most leaves 
develop in full sunshine. For this plant there is a linear relation between the 
intensity of illumination and the number of leaves (Table 4). 
Discussion and evaluation of results 
Table 4. May—June experiment 
variant L. saliva var. cap. convar. S. oleracea var. glabra convar. R. acetosa 
var. bon. 
convar. 
„King of Buda 
May" 
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Table 5. Juni.—July experiment 
va riant L. saliva var. cap. con var. 5. alera cea var. glabra con va r. 









































For spinach, w t have observed a reaction differing according to the 
species. In the case of Eskimo and Matador , s imilar ly to the three lettucc 
species, the number of leaves is increased by the yel low and colourless foils. 
In the case of Virof lay , however, the leaf number is increased by the blue foil . 
In the period June - Ju l y , for cabbage lettuce the most leaves arc produced 
for the control and under the colourless foil but this value is also approached 
with red the foil covering. Spinach gave more leaves as a result of covet ing, 
but this effect was exerted with foils of different colours, depending on the 
species, (blue and yel low for Virof lay , colourless and red covers for Ma tador 
and Eskimo.) 
The number of leaves developing under different foil covers arc l isted 
in Tables 4 and 5. 
2. H e i g h t o f p l a n t s 
Under the foils, increase in the intensity of i l lumination leads to a longer 
stem; under a colourless foil it is even longer than that of the uncovered 
control. The degree of lengthening differs according to the species. For the 
lettuce „King of M a y " , the lengthening of the internodes is not extensive, 
with the important result of the „lettuce heads" thus being more compact. 
A major lengthening of the stem is associated with smaller leaves, which in 
the case of lettuces, is disadvantageous from a practical point of v iew. 
In the June - Ju l y experiment, the stem was the longest under red foi l ; 
as compared with the firts experiment, however, the plants were lower. 
In the early period the hlue and red foils, i. c. low light intensity, are 
favourable to lettucc from the point of v i ew of heading. 
3. S i z e o f l e a f - b l a d e s 
It can be established from the results of the first experiment that the 
leaf size grows in linear proportion to the intensity of i l lumination, but the 
degree of growth differs for the individual species. The leaf surface of the 
lettuce specics is enlarged the most by an increase in the intensity of i l lumina-
tion. For sorrel, during the foil covering, a contrary tendency may be observed: 
the leaf size is increased by a decrease in the intensity of i l lumination. 
In the June - Ju l y growing, of the coloured foils the red ones show a 
marked spectral effect. The lettuce increases its leaf surface to about twice 
that of control. This spectral effcct is manifested in the case of spinach dur ing 
both cultivations, but in the first experiment the activity of the menstcms is 
increased to a higher degree by the red spectral range. 
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4. F r e s h w e i g h t 
W c have recorded the fresh weight of the cabbaging lower leaves, as 
from a practical point of view this is more important than the dry weight . 
In the first experiment, there is a close, positive correlation between the in-
tensity of i l lumination and the fresh weight. From among the three sorts of 
cabbage lettuces, the fresh weight of the leaves of „King of M a y " was in-
creased the most by the higher energy level. At a low light intensity, the loss 
of weight as a result of increasing the blue spectral range is very considerable. 
In the second experimental series, the effect of the energy level docs not exert 
any essential change. Here the spectral effect comes to the front; the weight 
increases progressively in the direction of the enhanced long-wave red rays. 
These results can be correlated with the number of leaves and their size, 
where the degree and direction of the changes are similar to these. The dif-
ference between the two experimental periods is g rea t ; in M a y - J u n e , owing 
to the increasing light intensity, the leaf production general ly also increases, 
but Ju ly it decreases. The contradiction that, as a result of being overshad-
owed bv the foils, in J u n e - J u l y at the lower energy level there is more fresh 
weight than with the full light of the sun, can be explained in that the high 
energy level of the natural light is not optimum for these plants if not coupled 
with appropriate temperature and water supply. This was proved by Mat té i 
(1967) , who investigated the effect of shade oil cabbage lettuce. The highest 
leaf production was given by a 50'Vo decrease of the light intensity. 
„King of M a y " is worth mentioning because the proportion of the mar-
keted cabbaging stem-leaves in the total weight (stem + lea f ) is the highest. 
In the other two species, the leaf production is lower because of the increased 
stem elongation. 
5. P h e n o l o g i c a l p r o p e r t i e s 
The species investigated also have some different properties from a pho-
nological point of view. As regards the cabbage lettuces sown in May , a t the 
time of collecting (sixth week) , the reproductive organs of „King of M a y " 
had not developed fully in any of the variants. For , ,Buda" the f lower-buds 
appeared during every treatment. In the case of „Soroksár" , under blue and 
red foils, the reproductive organs developed f ive to seven days later. W e 
have followed the shooting of the seed-stalks of spinach, too. The favourable 
effect of the red foil is manifested in the retardation of the formation of the 
reproductive organs. No species developed any seed- stalks in the course 
of the first experiment. 
6. N u m b e r o f s t o m a t a p e r sq. mm. 
On the abax ia l epidermis of al l the seven species investigated there arc 
about 40-50'Vo more stomata than on the surface, and this ratio was hardly 
changed by the treatment. The stomata numbers of lettuce and spinach were 
Fig. 1. Lectuca s. var. cap. con var. „King of May", May—June experiment, abaxial epidermis 
(x200) 
1. uncovered control 
2. colourless foil cover 
3. blue foil cover 
4. yellow foil cover 
5. led foil cover 
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increased by a higher intensity of i l lumination, the maximum value facing 
given by the control. Th i s effect can be observed in the case of sorrel, too, 
but the most stomata appear for the colourless variants. The srnmata number 
is increased by raising the proportion of short-wave rays if it is connected 
with a high energy level. For „King of M a y " , the spectral effect is manifested 
after enhancement of the red rays, with a high value exceeding even a 0,1'Vo 
significance level (Fig. i ) . Sorrel, however, responds more sensitively to the 
rays of short wave-length in the case of a low intensity of i l lumination, be-
cause after the colourless var iants the epidermis of the blue variants is the 
most densely stomatized (Table 6). 
In the June - Ju l y experiment, the most stomata developed under yellow 
foil. No spectral effect was manifes ted ; for instance, there wa s no significant 
difference between the plants under red and blue foils. For spinach, simi-
larly, an increase in the proportion of the yel low-orange-red spectral ranges 
increases the frequency of stomata. 
The specific effcct of the red foil must be emphasized, as the stoma num-
ber in 1 sq. mm. of the red-covered individuals of Lactuca, that has a small 
leaf surface, was very high in May—June (Fig. 1), In Ju ly , on the other hand, 
the individuals of largest leaf surface grew under red foil but the stoma num-
ber per unit surface was the lowest (Table 7). 
Table 6. May—June experiment 
variant L. sativa var. ccp. convar. 5. oleracea var. ¡(labra convar. R, acetase. 
var. bort. 
convar. 
, .King of Buda Sorok- Eskimo Matador Viro- Large-
May" sar flay leaved 
uncovered control 123 167 201 195 265 152 7 6 
colourless 1 4 0 153 151 143 181 169 108 
yellow 1 4 3 1 3 9 155 157 156 1 0 6 87 
blue 1 5 0 142 162 159 67 95 92 
red 2 5 9 127 16!) 156 203 122 67 
0.1 2 3 6.3 8.4 10,5 46.5 13,1 3.3 
S. D. V« 
1 20 4.9 6.6 8.3 37 10.3 2.5 
Table 7. June—July experiment 
variant /. sativa var. ciip. convar. 5. oleracea var. glabra eonvar. 
..King of Buda Sorok- Eskimo Matador Viro-
May,T sar flay 
uncovered control 160 1 4 9 180 168 259 165 
colourless 1 5 5 1 4 2 133 164 194 187 
yellow 162 161 140 2 1 6 2 2 5 193 
blue 128 122 114 — 183 143 
red 1 2 7 105 124 169 206 1 6 2 
0.1 6.7 6 7.7 8.8 12.8 10,3 
S. D. "VP 
1 5,3 4.5 6,1 6.9 9,9 8.1 
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7. T h i c k n e s s of t h e l e a f - b l a d e 
For lettuce and sorrel, the quantity of the ass imilat ing tissue and , a t the 
same t ime, the actual thickness of the leaves are the largest (exceeding the 
control) under colourless and yellow foils (Fig. 2 ) . In the Figure, the joint 
mean va lues of the three species in the M a y - J u n e experiment are g iven. 
For the spinach species, not only the yel low foil cover, but also the red 
one y ie lded thicker leaves. The enhanced red spectral range increased the-
thickness of the leaf in a linear way for spinach. In the case of lettucc and 
sorrel, there is no spectral cffcct on the optimum curve (Fig. 2) . 
In the J u n e - J u l y production, the plants developed in full sunshine and 
under yel low foils have the thickest mcsophyllum (Fig. 3) . 
Percenfoge 
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Fig. 2. Thickness of the Ic.if-bladc as compared to the uncovered control 
Fig. 3. Spinatia o. var. glabra convar. Viroflay June—July experiment, palisade and spongious 
parenchyma (x200) 
1. uncovered control 
2. colourless foil covet 
3. hlue foil cover 
4. yellow foil cover 
5. red foil cover 
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8. P a l i s a d e p a r e n c h y m a 
The tissue of the Lactnca and Ramex pa l i s ade parenchyma is uni l inear 
and the number of layers wa s not af fected by the var ious covers. For Spimcia, 
in the case of a high intensity of i l luminat ion (control and colourless fo i l ) cover 
even a three- layer pa l i sade tissue deve loped. The other treatments resulted in 
a pa l i sade parenchyma of double cell l ines (Fig . 3) . For Spinacia, the most 
deve loped pa l i sade wa s brought about by d i f ferent foil covers for d i f fe rent 
species (Virof lay — control. Ma t ado r - colourless foil , Esk imo - red foi l ) . In the 
June—July production, a rise in the energy level of the l ight increases the de-
velopment of the pa i i sade tissue. FOE spinach, this effect is manifested in the 
change in layer number, wh i l e for lettuce it appears only in the lengthening 
of the cells. No spectral effect was shown: the thickness of the pa l i s ade tissue-
wa s reduced by the high proportion of both the blue and red spectral ranges. 
Sorrel is the most sensit ive to the rays of short wave- l engt . The d i ameter of 
its pa l i s ade cells perpendicular to the surface is 9 0 n in the control plants , 
that is one-third of the leaf cross-section. In comparison, in plants under blue-
foil this fa l l s to 65 ft , the difference exceeding the 0,13/o s ign i f icance level . 
9. S p o n g i o u s p a r e n c h y m a 
In the ear l ier exper iment the (colourless, ye l low) foil cover ing wa s more 
favourable , but in J u n e - J u l y the control ind iv idua l s had the thickest spongious 
parenchyma. For spinach, the enhancement of the long-wave under the red 
foil of low intensity i l luminat ion brought about a spongious parenchyma that 
a tha ined and even exceeded the development of the control parenchyma (Fig. 4 
i l lustrates the results of the M a y - J u n e exper iment , according to species, a s a 
function of the proportion of the red spectra! range) . 
The layer number of the spongious parenchyma changes, too, under the 
different foils. The control lettuce and its colourless and yel low var i an t s have 
7 to 8 ce l l - l aycrs ; under blue and red foils, however , there are 5 to 7 layers . 
For the blue var iants of spinach, the layer number of the spongious parenchyma 
varies between 4 and 6, and the thickness of the spongy tissue is a lso the 
smal lest here. The change of the layer numbers between 5 and 8 in the course 
of the treatment is accompanied by a cons iderable increase in the direction of 
the enhanced red spectral range (Fig, 4 ) . 
In the J u n e - J u l y exper iment , too, the thinnest spongy tissue wa s a result 
of the blue foil coverage. For spinach, the thickness of the spongious parenchyma 
decreases in a l inear way as a result of an increases in the proportion of the 
energy in the violet-blue-green spectral range. In the lettuce and sorrel leaves , 
the amount of the spongious parenchyma changes according to an opt imum 
curve as a function of the enhancement of the red spectral range (Fig . 4 ) . 
10. P h l o e m t i s s u e 
In the M a y - J u n e exper iment , both the smal lest and largest intensity of 
i l luminat ion developed only a small number of phloem elements. For lettuce, 
there is no spectral effect as there is hard ly any difference under blue and 
red foil covers. The largest amount of phloem was brought about bv ye l low 
foil ( two or three t imes more than for blue and red var iants ) . For the sorrel 
and spinach species, the phloem part of the conducting tissue wa s enlarged 
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to the highest degree by the red foil covering; for Eskimo it is nearly twice 
that in the control (Fig. 5) . The smallest phloem was produced by a low 
energy level and by the most enhanced violet-blue-green spectral range. 
In the June - Ju l y experiment, we again meet the increased development 
of the phloem elements as a result of enhancing the red spectral range. For 
spinach this is manifested more intensely than for lettuce, because it produced 
an amount of phloem tissue that exceeded all the other var iants . For lettuce. 
Percentage 
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Fig. 4. Thikncss of the sponsions parenchyma aparcd to the uncovered control 
there is a great difference according to species. Our results confirm the f indings 
of JANKOVICH (1956) , who lays down as a rule that on proceeding from blue 
towards red light, the amount of conducting tissue keeps on growing. 
Fig. 5. Spinacia o. vat. glabra convar. Eskimo May—June experiment, cross-section of the main 
vascular bundle (x200) 
1. uncovered control 
2. red foil cover 
Leciuca i. var. ccp. convar. Buda, June—July experiment, cross-section of the main 
vascular bundle (x200) 
3. uncovered control 
4. blue foil cover 
5. red foil cover 
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11. L i g n e o u s p a r t 
The lettuces grown in the period May—June developed three or four times 
more ligneous elements under colourless and yel low foils than under blue and 
red foils. It is shown by the optimum curve that the spectral effect has no 
influence on the ligneous part, because there is no considerable enhanced 
(Fig. 6 - shows the change in the amount of ligneous elements, in the average 
of three species each, in the period of the May—June production). 
For sorrel, on the increase of the light energy, the ligneous part decreases, 
being the smallest for the control. The spectral effect is expressed in that an 
increase in the proportion of the red spectral range produced a more developed 
ligneous part (Fig. 6 ) . 
For spinach, as compared to the control, the development of the ligneous 
part was reduced by the colourless and blue covers, hut considerably increased 
by the yellow and red covers (Fig. 5) . 
In the June - Ju l y experiment, the growth of the ligneous part is of a 
higher degree in the direction from the blue to the red spectral range. This 
effect is manifested for lettuces, too. 
Percentage of fhï 
ligneous parr 
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Ftp. 6. Development of the ligneous part 
of the main vessel as compared to the uncovered control 
Summary 
We have investigated the morphological, phenological, and leaf-anatomical 
changes in cabbage lettuce, spinach, and sorrel species as functions of the 
intensity of il lumination and spectral energy distribution. The field experiments 
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were carricd out in M a y - J u n e and June - Ju l y . Colourless, blue, ye l low and red 
perforated foil covers were applied. 
Epidermis preparations were made by maceration and sectioning of the 
leaves, and the quantitat ive properties of the tissue elements were eva luated 
by biométrie methods. The treatments induced significant changes in a great 
part of the features investigated. 
1. T h e e f f e c t o f t h e i n t e n s i t y o f i l l u m i n a t i o n 
c a n b e s u m m e d u p a s f o l l o w s : 
In the M a y - J u n e period, increase in the light energy leads to the paral le l 
increase of the fresh leaf weight of cabbage lettuces, the surface of the leaf , 
the leaf number and the stem length. In the June—July production, on the 
other hand- the higher temperature being, associated with less precipitation -
the leaf surface, leaf production and stem length of cabbage lettuces growing 
in full sunshine are less. 
The correlation between the number of stomata per unit area and the 
increase in energy level is general ly positive. 
In the J u n e - J u l y experiment, for all the three cabbage lettuces, there was 
a positive correlation between the increase of the intensity of i l lumination, the 
length of the pal isade parenchyma cells, and the thickness of the leaf , as wel l 
as the amount of lignaceous elements. Further in the case of „King of M a y " , 
the effect of the light intensity is proved by the stomata number and the tissue 
thickness of the spongious parenchyma tissue increasing. In the case of Spinacia, 
the laver thickness and layer number of the pal isade parenchyma s imi lar ly 
increase in the direction of a higher energy level. The leaf surface of sorrel 
was increased by the reduced tight intensity, but the leaf number was lower. 
2. T h e s p e c t r a l e f f e c t o f t h e l i g h t : 
The role of the spectral composition is shown by the fresh leaf weight , 
the increase in the thickness of the leaf-blade, the increase of the leaf surface, 
and a major lengthening of the cells of the pal isade parenchyma. The thickness 
of the leaf-blade and, closely connected, the amount of the spongious tissue 
in the lettuce and sorrel leaves increase according to an optimum curve, but 
for spinach in a linear way , together with the increase in the proportion of the 
red spectral range. 
A different change is also induced, in the three species by enhancing the 
yellow-orange-red spectral range (primarily in the ligneous part) . In the leaves 
of sorrel and spinach a linear growth appears, while in lettuce the change takes 
place according to an optimum curve. 
From among the phenological properties, the shooting of the seed-stalks 
of spinach is inhibited by red light. 
The stomata number per unit area is very high on enhancing the pro-
portion of the violet-blue-green spectral range. In addit ion, the increase in the 
proportion of the short-wave rays decreased the surface of the leaf-blade, the 
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leaf thickness and the amount of conductive tissues (particularly of the phloem) 
and inhibited the lengthening of the pal isade cells. The mesophyllum tissue of 
the blue variants are therefore very undeveloped. 
3. T a k i n g i n t o c o n s i d e r a t i o n s o m e 
p r a c t i c a l p o i n t s o f v i e w , t h e f o l l o w i n g 
c o n c l u s i o n s c a n b e d r a w n : 
a) In the ear l ier production of lettuce, the features determining the „pro-
duction" (leaf number, size of leaf-blade, thickness of the leaf ) were mostly 
increased by yel low and colourless foil covers. The yel low foil also has a 
favourable influence on the anatomical properties (development of mesophyllum, 
conductive tissue). 
In the later ( J u n e - J u l y ) production, on the basis of the above points of 
view, a red foil too can be taken into consideration. 
b) For spinach, the production is increased by the red and yel low foils in 
both experimental periods. 
c ) The fresh weight of sorrel (leaf number, leaf size) is the highest in full 
sunshine. However, taking into consideration the anatomical properties (meso-
phyllum, conductive tissue system), too, yellow and red foil covers can also 
be taken into consideration. 
d) In the case of these garden plants, a blue foil cover is not advisable 
as the production of leaves is markedly decreased. 
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Introduction 
It is known that high concentrations of some phenolic acids occurring na-
turally in plants inhibit and lower, physiological concentrations of them promote 
the growth. It is also established that these compounds show an interaction 
with indoleacetic acid ( IAA) as antagonists or synergists (VARCA, 1957 ; VARGA 
é s KÖVES, 1 9 5 9 ; TOMASZEVSK], 1 9 6 4 ; KÖVES, 1 9 6 5 ) . T h e p o s s i b l e b a s i s o f 
the interaction is the promotion or inhibition of the IAA-oxidase, howrcvet, 
this explanation can be not quite satisfying in some cases (KÖVES, 1965 ; 
KÖVES, SIROKMÁN é s MILASSIN, 1 9 7 2 ) . 
Our previous examination showed that low concentrations of some phenolic 
acids enhance the incorporation of 14-C-leucine into the protein fraction of 
bean hypocotyl segments and this effect of these compounds is s imi lar to that 
of the phytohormones. 
These results provide a possibility to suppose that — similarly to the 
hormones - one of the essential parts of the action of phenolic acids in the 
growth is the regulation of protein synthesis. In present paper the authors wish 
to investigate how specific inhibitors of protein synthesis influence the effect 
of some phenolic acids on the elongation of colcoptile segments. 
Materials and Methods 
The compounds applied in the experiments were: o-coumanc-, salicylic-, gallic-, p-oxi-
Dcnzuic-, ferulie- and chlorogenic acids in concentrations 10—J, 10—', 10 5 and 1 0 - * M. 
Twenty five segments of Arena colcoptile (5 mm) were floated as test-mate rial in a 
solution containing different combinations of Actinomycin D (1, 10 and 20 /ig/ml) or 2-thiuuracil 
(10—1. 10—1 and ID—1 M) with 1 0 — 1 0 — 1 and 1 0 - « M phenolic acid, up to 5 ml of 
phosphate-buffer pH 6,5. The incubation took place for 24 hours 24 °C, followed by measurement 
of the elongation of colcoptile segments. 
Results and discussion 
The growth-promoting effect of the applied phenolic acids is the highest 
at lO - " M and it takes about 2 0 % . Almost in all combinations examined, 
I tt° ml of Actinomycin D was sufficient to inhibit the growth induced by 
phenols but in some cases the inhibition is s ignificant only at 10 ¿ig ml of 
Actinomycin D concentration, because of the high value of the standard devi-
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Pig. 1—6. Effect of Aetinomycin D in different concentrations on the elongation induced by 
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Fig. 7—12 . Effect of 2-th¡"uracil in different concentrations on the elongation induced by 
o-coumaric-, (7) salicylic-. (8) chlorogenic-, (9) ferulic-, (10) p-oxi-benzoic- (11) 
and gallic acid (12). 
5 4 E R I S E B E T KÖVES AND A N N A J U H Á S Z 
ation. The results obtained at higher concentrations of Actinomycin D show 
that the inhibitor decreases not only the growth induced by phenols, but also 
the normal growth measured in the control segments, 
2-Thiouracil at 1 0 " ' M concentration has some inhibiting act ivi ty whi le 
at 10—* M inhibits the growth induced by phenolic acids signif icatly in al l of 
the experiments. 
In the investigations described above, it is proved that the growth pro-
motion induced by phenolic acids can be prevented by inhibitors of protein 
synthesis. The phenolic acids in lower concentrations have an effect resembling 
that of the phytohormones in this respect too. This effect is however, sl ighter 
than that produced by the phytohormones. In some cases the auxin synergisms 
can be explained by this properties of the phenolic compounds. 
The result obtained complete the knowledges on the mode of action of 
phenolic acids, providing some informations about the effects produced by its 
physiological concentrations. 
Summary 
Growth promotion induced by six natural ly occurring phenolic ac ids 
(o-coumaric-, salicylic-, ferulic-, p-oxi-benzioc-, chlorogenic- and gall ic ac id) can 
be inhibited by 10 /*g/ml Actinomycin D and 10—1 M 2-thiouracil . Increasing 
the concentration of the inhibitors with one magnitude the normal elongation 
of the coleoptils can be inhibited too. In addit ion to the results of our ear l ier 
investigations, present data also show that the effect of the physiological con-
centrations of the above mentioned phenolic compounds on the protein me-
tabolism resembling that produced by phytohormones. 
References 
KÖVES, E. ( 1965) : Adatok a természetesen előforduló fenol karbonsavak növekedésszabályozó 
hatásmechanizmusához (Data for growth regulating mechanism of naturally occurring 
phenolic acids). — Thesis for C. Sc. Biol. Szeged. 
K Ö V E S , E . , S Í R O K M Á N . F . , M I L A S S I N . M . ( 1 9 7 2 ) : C o n n e c t i o n b e t w e e n t h e G r o w t h R e g u l a t i n g 
Action of Plant Phenolic Compounds and the Protein Synthesis, — Z. Pflanzenphysiol. 
67. 3 7 0 — 3 7 2 . 
TOMASZEVSKI, M. ( 1964 ) : The mechanism of synergistic effects between auxin and some natural 
phenolic substances. — Colloq. Intern. Centre Natl, Rech. Sei. Paris 123. 3 3 5 — 3 5 1 . 
VARGA. M. ( 1957 ) : Növekedesgátló anyagok papirkromatográfiás vizsgálata, különös tekintettel 
a húsos termesekre (Pa perch romatographic examination of growth inhibiting substances 
with special respect to fleshy fruits). — Thesis for C. Sc. Biol., Szeged. 
VARGA, M „ KÖVES, E. ( 1 9 5 8 ) : V o r k o m m e n . V e r t e i l u n g und q u a n t i t a t i v e V e r ä n d e r u n g des 
/Í-Inhibitors in den einzelnen Organen der Bohnenpflanze. — Naturwiss, 45. 4 6 8 — 4 6 9 . 
VARGA, M. ( 1968) : Az indolecetsav és gibbcrcllinsav együtthatása a szármegnyúlásban (Inte-
raction of IAA and Gihbereltie Acid on the Stem Elongation). — Thesis for. D. Sc. 
Biol,. Szeged. 
Addresses of the authors: 
D r . ERZSÉBET K Ö V E S , 
A N N A J U H Á S Z 
Department of Plant Physiology 
A. J. University H — 6701 Szeged 
P . O . Box 428, Hungary 
A c t a B io log ic ; ) S z e g e d . 19 ( 1 — 4 ) . pp. 5 5 — 0 9 ( 1 9 7 3 ) 
THE EFFECTS OF THE C U L T U R E MEDIUM A N D L I G H T 
O N THE PIGMENT-SYNTHESIS A N D S P O R U L A T I O N 
IN ASPERGILLUS A N D PENICILLIUM G E N E R A * 
JUDIT H O R V Á T H a n d I . SZALAI 
Department of Plant Physiology. Attila József University, Szeged 
(Received September 29. 1972) 
Summary 
A study wa s made of the pigment-synthesis and sporulat ion of Aspergillus 
repent, Pénicillium notatum and Pénicillium purpurogemtm on 
1. Czapck-Dox, 
2. Czapek-Dox supplemented with microelements , 
3. potato agar , and 
4. modif ied Czapck-Dox 
culture med ia , i l luminated with white , blue, green, orange-ye l low, red and 
periodic l ight, or in the da rk . 
1. The exper imental results showed that Pénicillium notatum does not 
exhibit photosensit ivity. The pigmentat ion and sporulat ion of Pénicillium pur-
pnrogenum and Aspergillus repens a re s ignif icant ly inhibited by blue light, and 
to a lesser extent by green and orange-ye l low light, whi le they a r e enhanced 
by red l ight and by darkness compared to the white light control. 
2. The sporulation of Pénicillium notatum and Aspergillus repens a r e 
de l ayed by blue light, acce lerated by the da rk , and unaffected by green, orange-
ye l low and red lights compared to the wh i te control. There is no d i f ference 
for Pénicillium purporogenum. 
3. In red i l luminat ion and in the dark the length of the conidiophores of 
Aspergillus repens decreases. 
4. The v i ta l i ty of the spores from the younger zones of the colony is 
greater than that of the spores in the o lder zones. 
5 . A s regards the culture medium effects, Zn de lays the pigmentat ion and 
sporulat ion in al l three species, most strongly in Pénicillium purpurogenum, and 
least in Aspergillus repens. 
6. The zonation is inhibited by the presence of Cu in the cul ture med ium, 
and enhanced by that of Mn. Zn apparent ly p iays no role in the deve lopment 
of the zonation. 
7 . Wi th regard to the nitrogen sources, the species studied ut i l ize best the 
N H 4 + , less wel l the N 0 3 — , and s lowest of a l l the nitrogen of urea . 
* Part and thesis from the diploma-paper of Miss MÁRIA TÓTH. 
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Introduction 
It is genera l ly character ist ic of the entire vege tab le k ingdom that the 
reproduct ive organs are more richly p igmented than the vege ta t ive organs . 
In the higher-order plants the var ied d isp lay of colours of the f lowers is 
provided by the anthocyanins, the var ious f l avone der iva t ives and the carotc-
noids. Colonies of sporulat ing fungi are just as rich in colour, and d i f fe rent l y 
p igmented from the mycel ium. The question ar ises of whether there is a 
correlat ion between the ind iv idua l stages of the sporulat ion, the colour contents 
of the pigments and their intensit ies . It has long been known that a who le 
series of pigments can be found in the var ious fungi . Howeve r , f a r less is 
known of the var ied forms of the pigments or of their physiological roles than , 
for example , in the higher-order plants, in spite of the fact that many papers 
have been published on this theme (BESSEY, 1 9 0 4 ; CARLILE, 1 9 6 5 ; EBERHARD 
et a l . , 1 9 6 1 ; NARASIMHACHARI, 1963) . Even less in known of the connection 
between the appearance of the pigments and the sprorulat ion, which also just i f ies 
the study of these prohlems. 
The strains of the genera Aspergillus and Penicillium se lected for the 
exper iments are noted for being rapidly and eas i ly cu l t iva ted , for the ir abun-
dant sporulat ion, and for their var i ab ly coloured pigments . On the basis of 
these three aspects, pre l iminary experiments on 10 Penicillium and 2 0 Asper-
gillus strains led to the selection of the fo l lowing spec ies : 
In accordance with the a ims of the exper iment , a s tudy wa s made o f : 
a) T h e effects exerted on the sporulat ion and the p igmentat ion accom-
pany ing the sporulat ion by culture media d i f fer ing essent ia l ly from each other 
in composition. 
b) The effects exerted on the sporulat ion and pigmentat ion by the indi-
v idua l monochromatic light regions for strains cu l t iva ted on the same cul ture 
medium. 
c) The intensity of the sporulation in both cases, i .e. a s a funct ion of the 
cul ture med ium and the light. Our results were then compared with previous 
l i terature f indings . 
The real i ty of the problem raised is supported by a number of l i t e ra ture 
f indings . Neurospora crassa conidium never contains carotinoid if it grows in 
the dark , but l ight promotes carotinoid synthesis in the mycel ium (ZALOKAU, 
1954 ) .A numher of l i terature d a t a indicate that the photo-effect also depends on 
compos i t ion of the cu l tu r e m e d i u m (CARLILE, 1 9 6 5 ; MUNTANJOLA et a l . , 1 9 6 8 ) . 
For example , when Penicillium clavigerum is cul t ivated on mal t a g a r it is insen-
s i t ive to l ight, and grows wi th the same intensity in l ight or da rknes s ; however , 
in 12-hour i l luminat ion da i l y on Czapek a g a r the rate of growth remains the 
same, whereas in 24-hour i l luminat ion it decreases . On the other hand , Penicil-
* The numbers in brackets dennte the strain cultures maintained in the Viticultural and 
Oenoiogical Research Institute. 
Penicillium purpurogenuni 
Penicillium not a turn 
Aspergillus re pens 
( 7 8 7 ) * 
( 1 9 0 ) 
( - ) 
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Hum claviforme requires l ight at the beginning of its development , until the 
mycei ia have a t ta ined a length of some mm, but a f te r this it becomes, apparently-
insensit ive to the i l luminat ion (CARLILE, 1965) . In contrast, Penicillium isartforme 
is sensit ive to light throughout its ent ire l i fe (CARLILE et a l . , 1962) . These 
examples show that even species belonging to the same genus react in totally-
different ways to l ight, a t t imes depending on their state of deve lopment , at 
others on the composit ion of the culture med ium; thus, the sensit iv i ty or insen-
s i t iv i ty of the species to l ight can not be correlated with the kinship. It is 
unfortunate that extremely few l i tera ture da ta can be found with regard to the 
effects of l ight and cul ture medium on the sporulat ion. In the present paper 
new approaches are made and new re lat ionships are sought, and hence there 
a r c few possibi l i t ies to compare our results with l i terature da ta . 
Not only the pigmentat ion, but a l so the sporulat ion is af fected by the 
nature of the light and the composition of the culture medium. The deve-
lopment, presence and absence of the fruit bodies, the spores and the conidia 
can be affected by l ight, whi le in addi t ion their form and d i f ferent ia t ion too 
depend on the i l luminat ion. Aspergillus aureolatus grows wel l in an appropr ia te 
nutrient medium in the da rk , and the sporulat ion too is max imum, whereas 
in light the conidia l formation is poorer (MUNTANJOLA et a l . , 1 9 6 8 ; CARLILE, 
1962). It must be ment ioned, however , that the da ta of papers dea l ing with 
sporulation and light condit ions are not only d i f ferent , but in many cases 
contradictory, and thus it is at present not possible to g ive a uniform picture 
of th i s que s t i on . S e v e r a l a u t h o r s (FRIEDERICKSEN and ENGEL, 3 9 6 0 ; LUKENS, 
1963 ; MOHR, 1961 ) have stressed that sporulat ion is affected only by the 
short-wave region, the longer waves being ineffect ive . 
The aim our studies is to a t tempt to decide between these contradictory 
da t a , and to provide extra informat ion in this he ld of plant physiology, which 
in many respects is stil l unknown. It is assumed that the pigmentat ion is a 
fundamenta l factor, which inf luences not only the sporulat ion, but also the 
morphogenesis of the fung i . 
Materials and Methods 
1. E x p e r i m e n t a l o b j e c t s 
The species and strains used in the experiment were made available by the National 
V it ¡cultural and Oenological Research Institute. They were maintained on potato agar culture 
medium in test-tubes, under a protective layer of paraffin oil, and always these accurately 
determined strains were used in the transoeulations for multiplication. 
The following culture media were used to study the effects of the media: 
a. C/apek—-Dux solid culture medium, to which the sugar was added only before 
the final sterilization. 
b. Czapek—Dox solid eulture medium supplemented with microelements in the following 
four variations: 
(1) Basal nutrient medium (a) — MnS0 4 0 .0025 g 
(2) Basal nutrient medium (a) ZnS04 0.0025 g 
(3) Basal nutrient medium (a) + C u S 0 4 • 5H.O 0.0025 g 
(4) Basel nutrient medium (a) + MnSO« 0.001 g 
+ Z n S 0 4 0,001 g 
+ CuSOj 0.001 g 
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c. Potato agar culture medium (SZALAI and FRENYO. 1962) . 
d. Modified Czapek—Don culture medium in three variations, containing 3 g (NH<);SOj. 
3 g NHjNOs or 3 g urea in place of NaNOj as source of nitrogen. 
The culture media were freshly prepared, and after adjustment to the appropriate pH 
30 mi of culture medium was poured into Petri dishes 10 cm in diameter. 
After sterilization the culture media were stored for 3 — 1 days in thermostats at room 
temperature, and only those were used for inoculation which remained sterile. Under the 
usual sterile conditions, in feet ion-free cultures were attained in 80®» of the transoculations. 
3. C u l t u r a l p r o c e d u r e (incubation) 
The cultural conditions were varied according to the aims of the experiment. The cul-
tures were placed in thermostats, kept in the dark, and developed at 26—28 °C (+ 0 .2 °C). 
In order to study the effect of light, the cultures were placed in a climatic chamber the 
temperature of which was 22—23 °C (±1"C). 
The climatic chamber could he illuminated with light eoriched in monochromatic light by 
the use of exchangeable white, red, orange-red. green and blue discharge tubes. 
4. S t u d y m e t h o d s 
The pigmentation and sporulation in the cultures were observed for 12 days following 
the transnculation. 
Data recorded included the number, dimeosions aod development of the pigmentation 
of the concentric rings (zonation). 
The development of the sporulation was followed in part with the naked eye, and in 
part by cytoscope, and was supplemented with microscopic measurements. For the exact per-
formance of the measurements a squashed preparation was formed in the usual way (SAKKANY 
and SZALAI, 1966) . and the diameters of the spores, the lenjnhs and diameters of the conidio-
phores and the diameters of the vesicles were measured with an ocular microscope. 
Experimental results and observations 
One a im of the work was to determine the changes induced in the spo-
rulation of the fungi by the composition of the cul ture medium and the nature 
of the l ight. Attent ion wa s paid to : 
a ) the beginning and course of the pigmentat ion of the myce l ium; 
b) the t ime and course of the sporulat ion; 
c) the structure of the zones formed dur ing the sporulat ion. 
The pigmentat ion of Penicillinm purpurogenum on Czapek-Dox a g a r in x-arious 
monochromatic l ights 
1. In whi te l ight the pigmentat ion of the mycel ium begins v is ib ly on the 
lower s ide of the cul ture medium on the f i f th day , and proceeds e l l ipt ica l ly 
outwards . The mycel ia l mass is wine- ted in colour, and the pigment d i f fus ing 
out into the culture medium is a v iv id purple . The sporulat ion begins in the 
centre of the colony on the eighth day and proceeds ou twards in rings, and on 
the tenth day the entire colony is sporulat ing (Tab le 1). T h e zonation (F ig . 1) 
is not de f in i t e ( it is indist inct) , and proceeding au twa rd s fromt the cent re : 
dark grey (0 .6 cm) — greenish-grey (1.5 cm — light brown (0.5 cm) grey ish-
brown (0 .6 cm), 
2. In blue l ight the p igmentat ion in the mycel ium begins on the sixth d a y , 
but the character ist ic purple colour develops more s lowly than in wh i te l ight. 
Only an extremely small amount of pigment d i f fuses out of the myce l ium into 
the culture medium, and therefore this is a pa le pink colour. The sporulat ion 
in blue l ight begins only on the tenth day (Tab le 1) . The sporulat ion is accom-
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panied by zonation (Fig. 1). Seven 2oncs develop: dark grey (0.2 cm) -*• brow-
nish-grey (0.3 cm) black (0.3 cm) — brownish-grey (0.4 cm) — dark grey 
(0.6 cm) — brownish-grey (0.3 cm) — light grey (0.3 cm). 
3. In green light the pigmentation in the mycelium begins on the fifth day , 
with a vivid purple colour. The diffusion out of the pigment into the culture 
medium is less significant than in white light, but stronger than in the culture 
grown in blue light. The sporulation begins on the ninth day (Table 1). Ring 
formation occurs (Fig, 2), and four zones develop: dark grey (0,6 cm) — 
brownish-black (0.7 cm) -»• grey (0.8 cm) -* greenish-grey (0.9 cm). 
4. In orange-red light the pigmentation in the mycelium begins on the fifth 
day with a wine-red colour, which diffuses out abundantly into the culture 
medium. The sporulation begins on the ninth day , the zonation is insignificant 
and the colour differences and zone boundaries arc not marked (Table 1). 
There are four zones (Fig. 1 ) : dark grey (0.5 cm) grey (0.8 cm) — dark 
grey (0.9 cm) — grey (0.8 cm). 





Day on which phenomenon begins 
Pigmentation Sporulation 
White 4 5 8 
Blue 7 6 10 
Green i 5 9 
Orange 1 5 9 
Red i 5 8 
Dark 3 5 7 
Periodic 12 fl 9 
5. In red light the pigmentation of the mycelium begins on the fifth day , 
and pigments diffuse out into the culture medium. The sporulation begins on 
the eighth dayr, i.e. ear l ier than in cultures i l luminated with other monochro-
matic lights (Table 1), The zonation during the sporulation is weak (Fig 2). 
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Four zones deve lop : greenish-grey (0.7 cm) — brownish-grey ( 0 . 6 cm) -*• dark 
grey (0 .9 cm) -**• brownish-grey (0 .9 cm). 
6, The pigmentat ion in the mycel ium of a colony grown in the da rk begins 
on the f i f th day , and d i f fuses out very intensively into the cul ture medium. 
The sporulat ion begins on the seventh day , i .e. the ear l iest of a l l (Tab l e 1) . 
Three very weak l y developed zones a r e formed, with indist inct boundar ies 
(Fig . 1 ) : brownish-grev (3.1 cm) — light brown (0.2 cm) brownish-grey 
(0.3 cm) . 
7. In per iodic i l luminat ion the p igmentat ion of the mycel ium begins on 
the sixth day , and resembles the phenomena seen in wh i t e l ight. The sporu-
lation begins on the ninth day (Table 1), the zonation is intense (F ig . 1), and 
there a re 12 zones: brown (0.2 cm) — grey (0.2 cm) — brown (0 .2 c m ) - * 
l ight brown (0.2 cm) — greyish-brown (0 .2 cm) — light brown (0 .2 cm) — 
brown (0.2 cm) — greenish-grey (0.2 cm) — da rk grey (0.2 cm) — greenish-
grey (0 .2 cm) — light brown (0.2 cm) — grey (0 .2 cm) . 
Pigmentat ion in Pénicillium purpurogenum in constant wh i te l ight on 
cul ture media of var ious compositions 
1, On a Czapek-Dox aga r culture medium containing Mn the p igmentat ion 
of the mycel ium is a l ready s ignif icant on the f i f th d a y ; the colour is w ine- red , 
but only the orange-yel low colour-component d i f fuses out into the cul ture 
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Figure 2. Effect of composition of cultorc media oo the formation of the sporulation ring» 
sharp (Tab le 2) , with nine zones (Fig. 2 ) : grey (0.2 cm) greenish-grey 
(0.3 cm) -*• brown (0.4 cm) greenish-grey (0.3 cm) brown (0 .4 cm) 
grev (0 .3 cm) — brown (0.4 cm) -» l ight brown (0.2 cm) — brown (0.5 cm) . 
2 . On a Czapek-Dox aga r culture medium containing Zn a v iv id purple 
p igmentat ion of the mycel ium appears on the seventh d a y , and a purp le colour 
also d i f fuses out into the culture medium. The sporulat ion can be observed 
only on the tenth day (Table 2) . Five sharply separated zones can be dis t ingui-
shed in the sporulat ion (Fig . 2 ) : grey (0 .2 cm) — light brown (0.3 cm) — 
brownish-grey (0 .5 cm) ~ pink (0.2 cm) — grey (0.6 cm) . 
3. On a Czapek-Dox a g a r culture medium containing Cu the p igmentat ion 
in the mycel ium appears on the f i f th day . A very strong purple colour d i f fuses 
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out into the culture medium. The sprouiation appears on the eight d a y ; rings 
a r e not formed (Tab le 2 ) , but a colour difference develops on the sporulat ion 
surface, and violet-brown spots appear in the brownish-grey conidial f ie ld 
(Fig- 2) . 
4. On a Czapek-Dox aga r culture medium containing Zn, Mn and Cu 
the pigmentat ion appeared on the f i f th day , and the sporulat ion on the eighth 
d a y . The sporulat ion exhibits a strong zonation, but the strong zonation effect 
of the culture medium containing only Mn is not a t t a ined . There a te seven 
rings (Fig, 2 ) : greyish-brown (0.3 cm) — brown (0.3 cm) — grey (0.4 cm) 
— brown (0.5 cm) — brownish-violet (0 .5 cm) — grey (0 .6 cm) brownish-
grey (0 .6 cm), 
5. On potato agar culture media the ye l lowish-red pigmentat ion of the 
mycel ium can be observed on the sixth d a y (Tab le 2 ) , the culture medium 
becoming pa l e red. Three zones deve lop ; greenish-grey (1 .0 cm) ligth brown 
(0 .2 cm) — greenish-grey (0.2 cm). 
Table 2. Zonation, pigmentation and sporulation of Pénicillium purpurogenum on various 
culture media containing microelements 
Culture medium 
Number of Day on which phenomenon begins 
zoncï Pigmentation Sporulation 
Czapek (K) 4 S 8 
Czapek + Mn 9 5 8 
Czapek + Zn 5 7 10 
Czapc't " Cu 2 5 8 
Czapek + Mn Zn + Cu 7 5 B 
Po:at:> agir 3 Ii 9 
The pigmentation of P en tc i l l turn not a turn on 
C z a p e k - D o x a g a r i n v a r i o u s m o n o c h r o m a t i c l i g h t s 
1. In whi te light the pigmentat ion of the myce l ium can be observed on 
the third d a y ; a pale ye l low pigment is synthet ized, which diffuses into the 
culture medium. The sporulation begins on the f i f th day (Table 3) . Five rings 
develop in the sporulation (Fig, 1 ) : ye l low (1 .2 cm) — brownish-grey (0.3 cm) 
— light brown (0.3 cm) — dark brown (0.5 cm) —• grey ish-ye l low (0.6 cm) . 
2. In monochromatic light the orange-ye l low pigmentat ion of the mycelium 
begins in every case on the third d a y ; a lemon-yel low pigment migrates out of 
this into the nutrient medium. The sporulat ion begins on the fifth day , with 
a ye l lowish-grey colour, and separates into three zones (Fig . 1) . The greyish-
yel low conidia l f ie ld ( 3 , 2 - 3 . 5 cm) can be found at the centre, fol lowed by 
a l ight brown ring (0 .3 cm), and f inal ly by a brownish-grcv zone (0.8 em) 
(Table 3). 
3. In the dark the pigmentat ion of the mycel ium is a l ready very intense 
on the third day , and a very concentrated orange-ye l low mater ia l d i f fuses out 
of the mycel ium inti the culture medium. The sporulat ion appears on the f i f th 
day , and three zones develop (Fig . 1), the colours of which are the same as 
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those of the cultures i l luminated with monochromatic light. At the centre there 
is a greyish-yel low zone 3 .2 -3 ,4 cm in diameter , surrounded by a 0.3 cm thick 
light brown ring, with outside this a 0,8 cm thick brownish-grey ring (Table 3). 




Day on which phenomenon begins 
Pigmentation Sporulation 
White 5 3 5 
Blue 3 3 5 
Green 3 3 5 
Orange 3 3 5 
Red 3 3 5 
Dark 3 3 5 
Periodic 8 4 6 
4. In periodic i l lumination the pigmentation begins on the fourth day , and 
a lemon-yellow pigment diffuses out of the orange-yel low mycelial mass into 
the culture medium (Table 3). The sporulation begins on the sixth day , and 
well separated zones develop in the conidial f ie ld . There are 8 zones (Fig, 1) : 
l ight brown (1.0 cm) —- brown (0.2 cm) dark brown (0.2 cm) — sreyish-
brown (0.4 cm) — light brown (0.2 cm) — bluish-grey (0.3 cm). 
P i g m e n t a t i o n a n d s p o r u l a t i o n o f P e n i c i l l i u m 
n o t at u m i n c o n s t a n t w h i t e l i g h t o n c u l t u r e 
m e d i a o f v a r i o u s c o m p o s i t i o n s 
1. On Czapek agar culture medium containing Mn the pigmentation can 
be well observed on the third d a y ; this is orange-yel low, and a lemon-yellow 
material diffuses out of it into the culture medium. The sporulation begins on 
the fifth day (Table 4), and 11 zones develop (Fig. 2 ) : light brown (0.2 cm) 
— orange-yellow (0.3 cm) — greyish-yel low (0.2 cm) — brownish-yel low 
(0.2 cm) — light brown (0.2 cm) — brown (0.3 cm) — greyish-yel low (0.2 
cm) — light brown (0.2 cm) brown (0.4 cm) — greyish-yel low (0.3 cm) 
— grey (0.3 cm), 
2. On Czapek agar containing Zn the pigment appears in the mycelium 
on the fourth day , and an orange-yellow pigment diffuses out into the culture 
medium. The sporulation begins on the sixth day (Table 4) , and three zones 
develop in the conidial field (Fig, 2 ) : greyish-yel low (1.6 cm) light brown 
(0.3 cm) —bluish grey (0.4 cm), 
3. On a Czapek agar culture medium containing Cu the orange-yel low 
pigmentation of the mycelium can be observed on the third day , and this dif-
fuses out into the culture medium. The sporulation appears on the f ifth day 
(Table 4 ) . There is no zonation in the conidial f ield (Fig. 2) , the entire colony 
being a homogeneous yel lowish-grey. 
4. On a Czapek-Dox agar culture medium containing Cu, Mn and Zn the 
pigmentation begins in the mycelium on the third day . The colony is orange-
yel low, but the pigment diffusing out into the culture medium is light ye l low. 
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5. On potato agar culture medium in white light the pigmentation in the 
mycelium begins only on the fifth day , and is organe-yel low in colour. The 
speculation too is later, appearing only on the seventh day (Table 4) . The 
centre of the colony is greyish-yel low (1.3 cm), fol lowed by a 0.4 cm wide 
light brown ring, with f inal ly a 0 .3 cm grey zone (Fig. 2) . 




Day on which phenomenon begins 
Pigmentation , Sporulation 
Czapek (control) 5 3 5 
Czapek + Mn II 3 5 
Czapek + Zn 3 4 6 
Czapek + Cu — 3 5 
Czapek 4- Mn + Zn + Cu 11 3 5 
Potato agar 3 5 7 
P i g m e n t a t i o n a n d s p o r u l a t i o n o f A s p e r g i l l u s 
tepens o n C z a p e k - D o x a g a r i n v a r i o u s 
m o n o c h r o m a t i c l i g h t s 
1. In wrhite light the mycelium produces yellowish-green pigments, and 
a light green pigment diffuses out into the culture medium. Pigmentation can 
be observed on the fifth day , and sporulation on the seventh day (Table 5). 
The conidial f ield is a uniform green and there is no zonation (Fig. 1). 
2. In blue light the pigmentation in the mycelium begins on the sixth day ; 
this is yellowish-green and diffuses out Into the culture medium. The sporu-
lation begins only on the ninth day (Table 5). There is no zonation (Fig. 1), 
and the conidial f ield is a v iv id green colour. 
Table 5. Zonation. pigmentation and spotulation of Aspergillus rrpens in various lights 
Light Number of 
zones 
Day on which phenomenon begins 
Pigmentation Sporulation 
White 5 7 
Blue — 0 0 
G reen — 5 
n 
Orange — 5 7 
fted — 5 7 
Dark — 4 S 
Periodic 7 6 H 
3. In green light the mycelium is yel lowish-green, and the pigmentation 
begins on the fifth day . A light green pigment diffuses out into the culture 
medium. The sporulation can be observed beginning from the eighth day 
(Tahle 5), the conidial f ield is green, and there is no zonation (Fig. 1). 
I 
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4. In orange-red light the colour of the mycel ium is ye l lowish-green ; the 
pigmentat ion begins on the f i f th d a y (Tab le 5) . A light green pigment d i f fu se s 
out into the culture medium. The sporulation begins on the seventh d a y ; there 
is no zonation (Fig . I) , and the conidial f i e ld is green. 
5. In red light the myce l ium is ye l lowish-green and a l ight green pigment 
d iffuses out into the culture medium. The pigmentat ion of the myce l ium begins 
on the fifth day , and the sporulat ion on the seventh day (Table 5 ) . The spore 
mass is g reen ; there is no zonation (Fig . 1). 
6. In the dark the myce l ium is ye l lowish-green, the p igmentat ion beg inning 
on the fourth d a y (Table 5) . Sporulation can be observed on the sixth d a y . 
The colour of the spores is d a rk g reen ; there is no zonation (Fig . I ) . 
7. In periodic i l luminat ion a ye l lowish-green pigment is synthet ized in 
the mycel ium, and d i f fuses out into the culture medium. The p igmentat ion can 
be observed on the sixth day , and the sporulat ion on the eighth d a y (Tab l e 5 ) . 
Zonation occurs dur ing the sporulat ion, and seven zones deve lop (F ig . 1 ) : d a rk 
green (0 .2 cm) — light green (0.3 cm) ye l lowish-green (0.3 cm) — d a r k 
green (0.4 cm) — light green (0.2 cm) — yel lowish green (0.2 cm) —- da rk 
green (0.2 cm). 
P i g m e n t a t i o n a n d s p o r u l a t i o n o f A s p e r g i l l u s 
r e p e n s i n c o n s t a n t w h i t e l i g h t o n c u l t u r e 
m e d i a o f v a r i o u s c o m p o s i t i o n s 
1. On Czapek a g a r cul ture medium containing Mn the myce l ium is brow-
nish-yel lowish-grecn. The pigmentat ion begins on the f i f th day . Pigment docs 
not d i f fu se out of the mycel ium into the nutrient med ium. The sporulat ion can 
be observed from the seventh day (Table 4 ) , and dur ing the sporulat ion there 
is zonation (F ig . 2): brownish-green (0.3 cm) — ycl lowis-grcen (0.8 cm) — 
green (0.4 cm) brownish-green (0 ,4 cm), i .e. four d i f ferent zones. 
Table 6. Zonat ion, pip mentation and sporulation of Aspergillus re pens on different culture media 
Culture medium Number of Day on which phenomenon begins 
zones Pigmentation Sporulation 
Czapek (control) 5 7 
Czapek — Mn 4 5 7 
Czapek + Zn — 5 7 
Czapek + Cu — 5 7 
Czapek — Mn " Zn + Cu 4 5 7 
Potato agar — 6 B 
2. On Czapek-Dox aga r culture medium containing Zn the colour of the 
mycel ium is brownish-yel lowlsh-green. The pigmentat ion begins on the f i f th 
day , and an orange-vcl lowish-green pigment d i f fuses out into the cul ture me-
dium. The sporulat ion can be observed from the seventh day (Tab le 6 ) ; it is 
greyish-green in colour, and there is no zonation (Fig . 3 ) . 
3, On Czapek aga r culture medium containing Cu the mycel ium in wh i te 
l ight is brownish-green. The pigmentat ion begins on the f i f th d a y . A brownish-
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green pigment diffuses out into the culture medium, hut it is of a l ighter 
shade than that of the mycelium. The sporulation can be observed on the 
seventh day (Table 6 ) ; its colour is green, and no zonation can be dist ingui-
shed (Fig. 3 ) . 
4. On Czapek agar culture medium containing Cu, Zn and Mn the pig-
mentation of the mycelium begins on the fifth day . A brownish-yellowish-green 
colour develops, which does not diffuse out into the culture medium. The 
sporulation can be observed from the seventh day (Table 6 ) ; zonation is weak , 
and the boundaries of the zones are indistinct (Fig. 2 ) : brownish-green (0.3 cm) 
yel lowish green (0.9 cm) green (0.4 cm) — brownish-green (0.5 cm). 
5. On potato agar culture medium the colour of the mycelium is brownish-
green. Synthetization of the pigments begins on the sixth day . A light yel lowish-
green pigment diffuses out into the culture medium. The sporulation appears 
only on the eighth day , and the spore mass has a brownish-green colour 
(Table 6). 
Morphogenetie cffects of the nitrogen sources 
Since it was observed during our experiments that the presence of the 
different microelements in the culture medium frequently gave rise to essential 
colour modifications, the question arose of whether a similar role is also played 
by the macroelements forming the culture medium. By variat ion of the N-sour-
ces, an attempt was made to answer this question. Literature data were found 
that the fungi do not util ize nitrogen bound in different forms to the same 
extent (UBRIZSY and VÖRÖS, 1968) , but no indication was given as to the 
effects of these on pigmentation and sporulation. Cultures were therefore grown 
on various culture medium combinations in which the NaNO ; t of the Czapek 
culture medium was replaced by (NHJ)2SO.,, NH,NO ;I and urea. 
Our assumption was not completely groundless, for as can be seen from 
Table 7 the individual N-sources have different effects from the points of 
view of pigmentation and sporulation. 
Table 7. Effects of various N-sources on the beginning of pigmentation and sporulation 
N-sou rte 
Day on which phenomenon begins 
Pigmentation Sporulation 
Asp. rep. P. notât. 
„ 
P. purpur. Asp. rep. P. notât. P, purpun. 
N.1NO3 control 6 5 6 3 6 8 
(NH4)->SOJ 3 4 5 6 5 7 
NHJNOS 4 4 5 6 5 7 
Urea 12 11 10 13 13 13 
V i t a l i t y o f t h e s p o r e s t a k e n f r o m d i f f e r e n t 
z o n e s , o n t h e b a s i s o f t h e i n t e n s i t y 
o f g e r m i n a t i o n 
Although neither the composition of the culture media nor the different 
types of light inhibited the sporulation completely, but merely de layed it, this 
does not mean that spores of the same vital ity developed under all the study 
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condit ions. In order to provide an answer to the above quest ion, test ge rmi -
nations were carr ied out on every culture, and in a few special cases spores 
taken from zones of different colours and d i f fe rent ages at the same t ime were 
germinated and their growths fo l lowed. 
In the f i rst case the cover wa s removed from a ster i le culture in a Petri 
dish, the cul ture was transferred to a steri le new cul ture med ium, and the 
spores made to fall through by tapping the wa l l s of the dish. 
The results of the study confirmed that ge rmina t ive spores deve loped on 
every culture med ium, and in every var ia t ion of monochromatic l ight. 
In the second study it wa s hoped to c l a r i fy which part of the colony is 
the one from which the germinat ive spores or ig inate . The separate examinat ion 
of the zones led to the fol lowing results : 
I . Three rings developed on a colony of PenUillium notation g rown in 
the da rk . The spores from all three rings ge rmina ted , but the rates of germi-
nation were d i f f e r en t ; the parameters involved were the t ime of appea rance 




Diameter (in em) of the colony developing from 
the spore on the 
Ur 2nd 3rd 4th 5th day 
zone 1 0.3 1,2 2.0 
zone 2 — 0.2 0.6 1.6 2.4 
zone 3 — 0.2 0,7 1.7 2.5 
2. There is no zonation on a culture of Penicillium purpurogemon g rown 
on a Czapek-Dox cul ture medium supplemented with Cu, but there are violet-
brown spots in the brownish-grey conidial f i e ld . Spores were taken from both 
sites onto Czapek-Dox culture medium, wi th the results shown in Tab l e 9 ) . 
Table 9 
Origin of Diameter (in cm) of the colony developing from 
the spore the spore oo the 
1st 2nd 3rd 4th 5th day 
violet-brown - 0.2 
brownish-green — 0.1 0 .6 1.5 2.2 
3. A culture of Pénicillium purpurogenum on Czapek-Dox culture medium 
supplemented with Zn grows very weak l y , but 5 zones deve lop dur ing sporu-
lat ion. The germinat ions of the spores or ig inat ing from the d i f fe rent zones 
a r c g iven in Tab le 10. 
4 . The sporulat ion of Aspergillus re pens exhibits zonation only in certain 
cases, for example on Czapek-Dox culture medium supplemented with Mn, 
where 4 zones develop. The germinat ions of the spores or ig inat ing from the 
ind iv idua l zones are shown in Tab le 11. 
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Tsthle 10 
C i g i n of Dinme:er (in cm) of the colony developing from 
tl e spore the spore on the 
1st 2nd 3rd 4 t h 5th day 
/one 1 0.2 0.7 
?.;nc 2 — — C.2 0.3 1.2 
zone 3 — — 0.2 0.7 1.2 
z me 4 - — — — — 0.2 
i j n c 5 — 0.4 T- ' I + - 1.2 2.0 
Table 11. 
Origin of DiamcLcr (in cm) of the colony developing from 
die spore the spore tin the 
1st 2nd 3rd 4th 5 th day 
.vine 1 _ _ 0.2 0.6 L.2 
.-;ne 2 — — 0.2 0.7 1.4 
i me 3 — — 0.4 0.9 1.6 
7.me 4 — 0.1 0.3 1.0 1 .8 
M i c r o s c o p i c s t u d y o f t h e m o r p h o g c t i c c h a n g e s 
If the external factors are a l t e red , not only the pigmentat ion and zonation 
but other changes too can occur in the morphogenesis ; these latter arc not 
vis ible with the naked eye , and accordingly the colonies were subjected to a 
thorough microscopic ana lys i s which led to a number of posit ive results. Al-
though s ignif icant d i fferences were not found in the d iameters of the conidio-
spores, the thicknesses of the hvphae, the metulae and the ster igmae, and in 
the sizes of the vesicles, the lengths of the conidiophores of Aspergillus repens 
var ied in a characterist ic way depending on the nature of the light. In the 
dark and in the long wave leng th region, conidiophores general ly 2 5 0 ti in 
length deve loped, whereas in whi te l ight and in the other monochromatic l ights 
the length wa s 3 5 0 - 4 0 0 u . For the other species examined , merely d i f ferences 
depending on the specif ic characterist ics were observed, and the change of 
the external factors had no effect . 
Discussion 
The exper iments led to the f inding that the pigmentat ion and sporulat ion 
of the studied fungi arc physiological processes which can be affected by the 
light and the nutrient. However , the effects do not appear uniformly for the 
ind iv idua l species. 
P h o t o - e f f e c t s 
The pigmentat ion and sporulat ion of the colonics depend on the nature 
of the light. Independently of the nature of the light, the pigmentat ion of 
the mycel ium in Pénicillium notatum is fol lowed 2 days later by the sporula-
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tion ; in Pénicillium purpwogenum and Aspergillus repens there is a 3—4 day 
interval between the pigmentat ion of the myce l ium and the sporulat ion, which 
is the shortest in the dark , and the longest in blue l ight. 
In many respects our results agree with the l i terature da ta . RÂPER et al 
(1953) observed that the deve lopment of the reproduct ive organs in Aspergil-
lus orenalus is inhibited by the l ight, but only blue l ight of short wave leng th 
is effect ive . 
The nature of the photoreceptors is stil l unknown. They were ear l i e r 
considered to be carotinoids, and more recently as r ibof lavin (NARASIMHA-
CHARI, 1963) , and there is a fa i r l y general conception that in the most l ight-
sensit ive fungi this same pigment acts as the photoreceptor of the sporulat ion 
(LUKENS, 1963) . 
T h e formation of the sporulation r ings can also be a f fec ted by photo-
effects. Wi th the exception of periodic i l luminat ion, Aspergillus repens does 
not exhibi t zonation, but here too the per iodic var ia t ion of the tempera ture 
must be reckoned with as the inducing cause (Fig, 1). In the dark Pénicillium 
notât urn forms 3 rings, s imi lar ly as in monochromatic i l luminat ion, wh i l e the 
sporulation zonation is promoted by wh i te l ight. The large number of r ings 
formed in the periodic i l luminat ion can be a t t r ibuted in part to the tempera-
ture changes. In Pénicillium purpura genu m the zonation was enhanced by blue 
l ight, :n contrast with the other two species, where the b lue light wa s ineffec-
t ive in this respect (Fig. 1). 
T h e morphogenetic effect of blue l ight is marked in the deve lopment of 
the length of the Aspergillus repens conidiophore. Wh i l e these are short in 
the da rk or in red light, they at ta in a much greater length in blue l ight. 
S imi la r observations have been made by JONSON and H ALPIN ( 1952 ) . Photo-
morphogenesis was not observed in the other two species. 
C u l t u r e m e d i u m e f f e c t s 
In add i t ion to the light, the composition of the culture medium a lso p lays 
a role in the generat ive development of the fungi . 
Zn inhibits the pigmentat ion and the beginning of the sporulat ion in al l 
three species. The shift in t ime amounted to 3—4 days . The most str iking mic-
roelement effect wa s exhibited in the number of 2ones, in that the presence of 
Mn enhanced the zonation, whereas the presence of Cu decreased it. As regards 
the microelement effect, however , specific d i fferences too we re revea led , because 
Aspergillus repens, for example , in contrast to the other two species, forms 
sporulat ion rings only in the presence of M n (Fig. 2) . This phenomenon can be 
c lass i f ied among the qua l i t a t ive differences as opposed to the quant i t a t ive effects 
of the microelements, such as the fact that, on Czapek-Dox aga r cul ture medium 
in the presence of Mn, Pénicillium notâtum forms twice as many zones as in the 
absence of Mn (Fig, 2). S imi l a r l y , in the case of Pénici l l ium purpurogenum the 
addi t ion of Mn enhances the formation of the rings, and in our exper iments the ir 
number rose from 4 to 9. Th is effect of Mn requires further study, for the num-
ber of rings roughly doubled for the same colony d i ameter (Fig . 2 ) . 
The experiments in which the N-sources in the culture medium were var ied 
led to the result that al l three species ut i l ize NH 4 ~ most quick ly , if the begin-
ning of the colony formation is taken as the basis of the measure of ut i l izat ion. 
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The second placc is occupied by N O j - , and the third by the u r e a -N . The 
uti l ization of the three N-sources outl ined above is confirmed by the beginning 
of pigmentat ion and sporulation too. Our f indings arc in contrast with those 
of U B R I Z S Y and V Ö R Ö S ( 1 9 6 8 ) , according to whom the N of N O : I ~ is prefe-
rential ly uti l ized by the fungi, although we agree with the f inding that the 
uti l ization of NH.,"*" is a process requiring more energy than that for NO^~. 
Li terature da ta confirm that, even though to a restricted extent, the fungi 
utilize organic N—sources too (aminoacids, amides , peptides, proteins and nuc-
leic ac ids ( U B R I Z S Y and V Ö K O S , 1 9 6 8 ) . 
W e observed a new phenomenon in the relation of the zona t i on and spo-
rulat ion: differences appear in the germinat ion of the spores and in the inten-
sity of their g rowth ; the spores originat ing from the peripheral zones exhibit 
a greater v i ta l i ty than the spores in the older zones. 
Re fe r ence s 
BESSSEY, E. A. ( 1 9 0 4 ) : ü b e r die Bedingungen der Farbbtldung bei Fusarium. — Flora (juna) 
93, 3 0 1 — 3 3 4 . 
CARLILE, M. j . ( 1 9 6 5 ) : The photobiology of Fungi, — Annual Review of Plant Physiology 
1 6 , 1 7 5 — 1 9 9 . 
EPERHARD, D „ W . RAU und C, ZEHENDER ( 1 9 6 1 ) : Über den Einfluss des Lichtes auf die 
Carotinoidbildung. — Planta 56, 3 0 2 — 3 0 8 . 
FRIEDERJCKSF.N, J. und H. ENGEL ( 1 9 6 0 ) : Der A bsch us s rhythm us der Fruchtkörper von Spbaero-
butus stell alus. — Planta 55, 3 1 3 — 3 2 6 . 
JONSON. T. W . and J. E, HALPIN ( 1 9 5 2 ) : Influence of light on the morphology and produc-
tion of conidia in some species of Dermatiaceae. — Phytopathology 42, 342 . 
LUKENS, R. J. ( 1 9 6 3 ) : Photoinhibition of sporulation in Alternaría solarri. — Amer. J. But, 
50. 7 2 0 — 7 2 4 . 
MÖHR. H. ( 1 9 6 1 ) : Wirkungen kurzwelligen Lichtes, In Handbuch der Pflanzenphysiologic 
XVI . 4 3 9 — 5 3 1 . Ruhland, W „ Ed., Springer, Berlin. 
MUNTANJOLA—CVETKOVIC, M , and M , NESKOYIC ( 1 9 0 8 ) : Studies on the e f fect of some 
substances as possible substitutes of light in the sporulation of Aspergillus flavas 28—-A. 
— Bull, de l'Institut et du Jardin Botaniques de l'Université de Beograd. 
MUNTANJOLA. CVETKOVIC, M., M. NESKOVIC and L. j . CULAFIC (1968) : Morphogenese res-
ponses of Aspergillus aureólalas Munt ,—Cvct . — Bull, de l'Institut et du Jardin Bota-
niques de ¡'Université de Beograd. 
NARASIMHACHARI. ( 1963) : Studies on the pigments of Pénicillium berquei. — Canad. J. 
Chem. 41. 0 4 1 — 6 4 8 . 
R A F E R , K . B „ D , J . F E N N E L and H . D , F R E N S E R ( 1 9 5 3 ) : The ascosporic stage of Asper-
gillus citrisporus and related forms, — Mycologïca 45, 6 7 1 . 
S Á R K Á N Y . S . es S Z A L A I , I. ( 1 9 6 6 ) : Növényszerkezettan i gyakorlatok. Tankönyvkiadó, Budapest. 
S Z Á L A I . I. és F R E N Y Ó V . ( 1 9 6 2 ) : Növényélettani kísérletek. Tankönyvkiadó, Budapest. 
TATARENKO. E. S. ( 1 9 5 4 ) : Der Einfluss von Lichte auf die F'ntwicklung von Schimmelpilzen. 
— Microbiología 23, 2 9 — 3 3 . 
UBRIZSY, G. és VÖRÖS J . ( 1 9 6 8 ) : Mezőgazdasági roycologia. Akadémiai Kiadó, Budapest. 
WITSCH, H. V. und F. WAGNER ( 1 9 6 5 ) : Beobachtungen über den Einfluss des Lichtes auf 
Mvcel- und Konidienbildung bei Alternaría brassicae Var. dauci. — Arch. Microbiol. 
22. 3 0 7 — 3 1 2 , 
Z A L O K A R , M. ( 1 9 5 4 ) : Arch. Btochem. Biophys. 50, 71—80. 
Addresses of the authors: 
JOUIT HORVÁTH 
Prof. Dr. L SZALAI 
Department of Plant Physiology 
A. J . University 
H — 6 7 0 1 Szeged P. O. Box 4 2 8 , 
Hungary 

A c t a Bio log ica Szeged . 19 ( 1 — I ) , pp. 7 1 — 7 7 ( 1973 ) 
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Summary 
A study was made of the dormancy of seeds of Tilia platyphyllos SCOP., 
with special regard to the c lar i f ica t ion of the roles of the pericarp, the testa 
and the endosperm in the maintenance of the seed dormancy . It was found 
that under moist condit ions the seeds require several months at low tempera-
ture ( 5 - 6 ° C ) to pass through the after-r ipening, which is the condition of 
i icrmination. The seeds have no need for a photoperiod, l ight and darkness 
hoth being ineffect ive . Germinat ion is hindered by the presence of the thick 
pericarp and the seed-coat, which prevent the washing-out of the inhibitors. 
The inhibitors cannot be removed from the intact seeds by washing , whereas 
they can be washed out of the bare seeds (without seed-coat) in 24 hours. The 
excised embryos grow on moist f i l ter paper and on White cul ture medium with 
a constant intensity, independent ly of the prc-treatment . The germinat ion is 
not st imulated by thiourea, KNO ; t or ethylene chlorohydrin, and even the effect 
of gibberel l ic acid is very moderate . 
Introduction 
Tilia platyphyllos SCOP, is w idespread throughout the whole of Europe : 
it mainly forms woods in mountainous regions, but it is a lso p lanted. The 
ssp. pilous on the leaf ve ins wa s selected for study. Its unopening, uni locular 
fruit normal ly contains one seed (Fig . 1). The frui ts are in deep dormancy , and 
under normal condit ions their germinat ion occurs in the second spring fo l lowing 
the formation of the frui t . In forestry practice the fruit is s t ra t i f ied into sand 
in the open (kept at 3 - 5 ° C for about 1 5 0 - 1 8 0 days ) , and then sown in the 
second spring. 
The freshly gathered seeds of a considerable proportion of the woodland 
trees indigenous to the tempera te zone are in dormancy and require an af ter -
ripening period at low temperature (5 °C) to become capable of germinat ion. 
Attempts have been made to e luc idate the basis of the mechanism of dormancy 
by the de ta i l ed study of the biochemical processes occurring dur ing the af ter -
ripening (COLMAN , 1 9 6 1 ; FRANKLAND , 1 9 6 1 ; PiNFlELD, 1 9 6 5 ; FRANKLAND 
and WAREING, 1966) , but those changes which can be fo l lowed dur ing the 
after-r ipening, such as the increase in act ivi ty of the enzymes and the mobi-
lization of the reserve substances, can also be observed on the germinat ion of 
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the seeds without dormancy , and it thus appea r s that they arc not closely con-
nected with the af ter-r ipening. 
It seems more s ignif icant to study the re lat ion of growth-s t imulat ing hor-
mones and inhibitors in the extracts by chromatography , coupled with appro-
pr ia te biotests. For example , the decrease of the amount of tnhibtors in Acer 
(PHILLIPS and WAREING, 1958) is in correlation wi th the cessation of the bud 
dormancy . The inhibitors have a confirmed role in the seed dormancy in 
Xantbium (WAREING a n d FODA, 1 9 5 7 ) , Betula (BLACK a n d WAREING, 1 9 5 9 ) 
a n d Fraxinus s e e d s (VILLIERS a n d WAREING, 1 9 6 0 ; SZALAI, 1 9 6 5 , SZALAI a n d 
N A G Y , 1 9 6 8 ) . 
Fig, 1. Cross-section of fruit of Tilia platypbyllos Scop, (A) and embryo excised from the 
endosperm (B). 
In contrast to the fa i r ly abundant l i tera ture data referring to the dormancy 
of Fraxinus, Acer, Cor y I us and Pagus sp. seeds, no l i terature da ta were found 
for Tilia platypbyllos as regards the state of dormancy of the frui ts or seeds. 
An account is g iven below of out exper imenta l results, the a im of which 
wa s to establ i sh : 
1. how fruits and seeds imbibed wi th w a t e r behave under normal ger-
minat ion condit ions in the period fol lowing the r ipening of the f ru i t ; 
2 . whether there is a d i fference in the behav iour of fruits and seeds 
subjected to low tempera ture ; 
3. whether the embryo begins to grow in the imbided seeds ; 
4 . the effect of washing out the fruits and seeds wi th w a t e r ; 
5. the germinat ion-st imulat ing effects of var ious dormancy- terminat ing 
agents . 
The study materia) was obtained from the Csongrâd County Forestry Station : it origi-
nated from trees forming a closed plot, and thus population materia! was studied. Petri dishes, 
washed sand and Schleicher—Schiill filter paper were used for the germination tests, with 
boiled water for the moistening. The fruits and seeds were preliminarily sterilized with 0.1®/» 
sublimate solution. 
1. Germination: 
a. in constaot light (6000 lux. at 6 °C and 25 °C) ; 
b. in constant darkness (at 6 °C and 24 °C) ; 
c. in 12-hour alternating periods of light and darkness (at 24 °C). 
2. Seeds germinated under the conditions given in (1) were prepared at 25-day intervals, 
and the development of the embryo was examined. 
3. The stratification was performed in a refrigerator at 4—5 ÛC. 
4. The fruits were soaked in distilled water and mildly shaken for 48 hours, and thcii 
subjected to germination as under (1). 
5. After scarification the fruits were treated with thiourea, ethylene chlorohvdrin, potas-
sium nitrate and gibberellin. 
Materials and Methods 
Variations: 
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Results 
1. G e r m i n a t i o n t e s t s 
Immedia te l y a f ter the fa l l ing of the fru i t , the fruits and seeds were sown 
in washed sand in Petri dishes, but to fac i l i t a te the imbibing they were t rea ted 
with concentrated sulphuric ac id . Since sulphuric ac id treatment involves the 
danger of the acid penetrat ing the hi lum and destroying the tissues of the seed, 
it was considered adv i sab le to invest igate the connection between the var ious 
times of scar i f icat ion and the extent of d amage . On this basis a „p ick l ing" t ime 
of 15 minutes appeared to be the most effect ive . The relat ion between the t ime 
of sulphuric ac id treatment and the swel l ing is given in F ig . 2. 
1 A o H 10 22 2* IÍ 28 30 Hours 
Fig. 2. Relation of the duration of the sulphuric acid scarification and the time necessary for 
the swelling of the seeds. 
Effor ts to induce germinat ion immedia te ly fol lowing the fa l l ing of the 
fruit did not lead to success, for there wa s pract ical ly no germinat ion dur ing 
120 days in constant iight (at 25 °C) , in constant darkness (at 24 °C) , or in 
a l terat ing light and darkness (at 24 ° C ) ; only a few seeds burst open ( 7 % 
max imum) , but the radic le d id not emerge . Under s imi lar condit ions but a t 
6 c C bursting of the seeds occurred in a higher percentage ( > 5 0 % ) , but even 
then the radic le did not appear . 
2. D e v e l o p m e n t o f t h e e m b r y o s i n t h e 
s w o l l e n s e e d s 
When the seeds were opened it wa s found that under the most va r i ed 
germinat ion conditions ( l a , f b , 1c), both in the cold and at laboratory tem-
perature, the embryos remained in dormancy (F ig . 3) . On the other hand, if 
the excised embryos were placed into White nutr i t ive solution or moist f i l ter 
paper in Petri dishes, they began to grown. From a graph showing the growth 
on the White medium (Fig. 4 ) it can be seen that the embryos g rew here with 
an approx imate ly constant intensity, regardless of the nature of the pre-
t reatment ; this indicates that the growth of the embryo is inhibited by the 
endosperm or the seed-coat, or by their joint presence. 
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Cmbryot exciscii from Tilin seeds after various pre-trcatmcnts, 
pairs: in constant light at 6 "C and 24 °C, in constant darkness 
Fig. 3. The development of 
From left to right tip ™ — 9 „ . — _ _ - .
at 6 °C and 2 4 °C, and in 12-hour light and dark periods at 24 °C. 
Fig. 4. Development on While medium of excised Tilia embryos after various pre-rreatments, 
on the 1st—12rh days following the excision. 
3. S t r a t i f i c a t i o n 
For many species the imbided seeds can be aroused from their s ta te of 
dormancy by subjection to low temperature . The strat i f icat ion of the Tilia seeds 
paper wadd ing , and in the other case in moist sand for 3 months a t 6 ° C , and 
the germinat ion wa s then fol lowed at 20 °C . It was found that 6 5 % of the seeds 
s t ra t i f i ed in the sand germinated in the fourth month of the t reatment , whereas 
only 6 0 % of those in the paper wadd ing germinated and only in the f if th-s ixth 
months. The proportion and v igour of germinat ion arc shown in F ig . 5. 
4 . E f f e c t o f w a s h i n g o u t s e e d s a n d t h e e m b r y o 
It wa s assumed that the inhibitors mainta in ing the dormancy of the seeds 
a r e water-soluble , and accordingly can be removed from the seeds by wash ing . 
The scar i f ied seeds were washed for 24 hours under running wrater, and then 
for a further 24 hours in wa te r changed every 2 hours, wi th gent le shak ing . 
This w a s fol lowed by germinat ion according to (1 ) . 
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5. E f f e c t s o f v a r i o u s d o r m a n c y - b r e a k i n g 
m e t h o d s 
The frui ts were scar i f i ed , then treated with thiourea, e thy lene chlorohydrin. 
KNO, ; or g ibberel l in to s t imulate the germinat ion, and f ina l ly placed in a 
moist environment . All these substances have been employed with good results 
to terminate the dormancy in var ious species. Wi th the exception of g ibbere l l in , 
none of the techniques used led to germinat ion in the present case ; the cause 
of this considered to be that the substances d id not penetrate into the seeds 
to a suff ic ient extent. Only in the case of g ibberel l in was a s l ight s t imulat ing 
effcct observed, when the gibberel l in treatment was fol lowed by germinat ion 
a t low temperature . Gibbere l l in wa s used to s t imulate the scar i f ied seeds in 
various concentrations, with the results shown in the Tab le . 
It can be concluded from the results that G A , in itself can not be regarded 
as the ini t iat ing factor, for its effcct , which wa s moderate , appeared only in 
the chil led seeds. 
Fig. 5. Germination of seeds stratified in moist sand and in moist filter paper at 20 °C. 
Discussion 
It w a s d e m o n s t r a t e d by WAREING and FODA ( 1 9 5 7 ) tha t the inh ib i tors 
can be removed from excised Xanthium embryos by washing , and such ebryos 
germinate on a moist substrate. The washing-out wa s not successful in the case 
of the intact Tilia seeds, whereas according to STEJNBAUER (1937) and FERENCZY 
(1955) the inhibitors can be removed from Fraxinus f rui ts even in the presence 
of the seed-coat. A s regards practice, only this la t ter case would be of impor-
tance. Since the dormancy of the intact Tilia seeds can not be terminated by 
washing-out, it must be assumed that the washing-out of the inhibitors is hin-
dered by the seed-coat, or the inhibitor is not water-soluble . In the latter case 
the destruction of the inhibitors under natural condit ions leads to germinat ion. 
Since the scar i f ied seeds swell re la t ive ly quickly , the wate r -permeab le seed-coat 
freely permits the passage of oxygen too. 
It is worthy of note that the var ious st imulat ing agents (ethylene chloro-
hydrin, KNO^, th iourea) have no effect, a sl ight st imulat ion being induced only 
by G A a t reatment . These facts indicate that the pr imary factor in the dor-
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mancy of the Tilia seeds is the presence of the inhibi tors ; their remaining in 
the seed is enhanced by the thick per icarp and the impermeable seed-coat. 
The first step towards the unders tanding of the nature of the dormancy must 
be the ana lys i s of the inhibitor contents of the ind iv idua l seed-parts . 
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Summary 
Invest igat ions were carr ied out with the species Pénicillium notatnm, Péni-
cillium purpttrogenum, Aspergillus repens and Aspergillus versicolor. The i r 
growth intensit ies and pigment-syntheses were studied as functions of the cul-
ture medium and the nature of the l ight. The f ind ings were as fo l lows: 
1. The composition of the cul ture medium and the nature of the l ight 
each affect both the deve lopment and pigmentat ion of the fungi . 
2. It can be said in genera l of the species included in the exper iments 
that the growth of the colonies is completed in the 8th week . 
3. Microelements added to the culture medium have d i f ferent effects on 
the ind iv idua l species, in some cases s t imulatory , in others inhibitory. The 
growth is strongly inhibited by Zn, but sl ightly st imulated by Mn, and more 
strongly st imulated by Cu. 
4. Comparison of the data show that Pénicillium notatum is not l ight-
sensit ive, wh i l e the growth of Pénicillium purpurogenum and Aspergillus repens 
is inhibited to a lesser extent by green and orange l ight, and to a greater extent 
by blue l ight ; the growth is enhanced compared to that in whi te l ight by red 
light and darkness ; an exception to this, however , is the growth in periodic 
i l luminat ion. 
5. The light and culture medium also exert effects on the pigmentat ion. 
6. The quant i ty and qua l i t y of the pigment content increase in every spe-
cies dur ing development . 
7. The pigment composit ion of the Aspergillus species is more var i ab le 
than that of the Pénicillium species. 
8. It is a genera l ly va l id tendency that the pigment content in orange 
and green i l luminat ion and in the dark is poorer than in whi te and red l ight. 
9. The absorption curves of the pigments of colonies grown on var ious 
culture media show that the pigments synrhetized by the fungi a t e mixtures 
of several components. No matter what the var ia t ions in the pigments, their 
absorption max ima l ie in the range 4 0 0 - 5 5 0 nm. There is no absorption in the 
ye l low, the red or the infrared. 
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Introduction 
The important role of the pigments of var ious colours in the l ives of 
plants is wel l known. V i t a l photosynthesis can occur only with the chlorophyl l 
p igments . The presence of phytochromes is dec is ive in the deve lopment of 
many phenomena of life, such as photoper iodism, phototropism and the var ious 
phoromorphoses. The carot inoids and f l av ins play a role as photoreceptors in 
the var ious movements. F ina l ly , w e can mention the biological importance of 
f l avonoids , provid ing f lowers with colour. 
It is a lso well known that the var ious fung i are coloured by a whole 
ser ies of pigments, but far less is understood about the var ied forms of the 
pigments and their importance than for the higher-order plants , desp i te the 
large number of papers published on this topic. 
Stra ins were selected for the exper iments from the Aspergillus and Peni-
cillium genera , part ly on the basis of their rapid and simple cu l t ivat ion, and 
part ly because of the var ied colours of their pigments . According ly , 10 Petri-
allium and 20 Aspergillus strains were selected, the most su i table of which 
proved to be the species 
Penicillium purpurogenum (787)* 
Penicillium notaturn (190) 
Aspergillus repens ( - ) 
Aspergillus versicolor (710) 
A decis ive question with regard to the selection wa s the separab i l i t y of 
the pigments . It was observed dur ing the pre l iminary exper iments that the 
p igments could not be successfully separated from their carr iers with the organic 
solvents genera l l y and wide ly used for p igment extracts . On the other hand , 
though it did prove possible to separate them by means of protein dena tur ing 
procedures (e.g. ac id ic hydrolyses) , at the same t ime the pigments unde rwent 
changes in colour. 
In accordance writh our work ing hypothesis , a closer study w a s made of : 
a . the effects cxterted on the growth and the pigment-synthesis by cul ture 
media d i f fer ing fundamenta l l y from each other in composit ion; 
h. the qua l i t a t ive effects cxterted by var ious monochromatic l ights on the 
growth and pigment-synthesis in the case of strains cul t ivated on a g iven cul-
ture med ium; 
c. the intensity of pigment-synthesis and the quant i t a t ive re lat ions in both 
cases, i .e. as functions of the culture medium and the l ight. 
Wi th the da ta obtained in our studies we wished to make a contribution 
to the e lucidat ion of a region of plant physiology which has not yet been suf-
f ic ient ly inves t iga ted ; it wa s assumed that the pigments are not useless meta-
bolic products in the fungi , but metabol ic products which are a f f ec ted by the 
composit ion of the culture medium and the nature of the l ight, and which 
may play a role in the vege ta t ive and reproduct ive deve lopment by means of 
their var ious absorption properties. 
* The numbers in brat kits denote the strain cultures maintained in the Vitieultutal 
and Ocno logical Research Institute. 
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The just i f icat ion of our assumption is supported by a number of l i tera ture 
da ta . According to studies with microspores (CARLIE, 1965 ; MOHR, 1961 ) , the 
light exerts s ignif icant growth-st imulat ing and growth- inhibi t ing effects a l ike . 
Since only the l ight absorbed by the cell is ef fect ive , it fol lows that the pig-
ments may play a decis ive role in both the growth and the mult ipl icat ion of the 
fungi . L i te ra ture da ta can also be found which indicate that the l ight effect 
depends too on the composition of the culture medium (CARLILE, 1965 ; MUN-
TANJOLA ct a l , , 1968) . When cu l t iva ted on mal t agar , PeniciUium clavigerum is 
insensit ive to l ight and grows wi th the same intensity in d a rk and l ight, 
whereas on CZAPEK'S solution aga r its rate of growth decreases on a 24-hour 
i l luminat ion, but remains constant on a da i l y 12-hour i l luminat ion. PeniciUium 
claviforme requires l ight only at the beginning of deve lopment (CARLILE, 1965) , 
until the mvcel ia have at ta ined a length of some mil l imetres , and a f te r this 
arc apparent l y insensit ive to i l luminat ion. In contrast, PeniciUium isarii forme is 
sensit ive to l ight throughout its ent ire l i fe . W h a t has been said would suggest 
that even the species belonging to a g iven genus react completely d i f ferent ly to 
light, depend ing at t imes on their deve lopmenta l state, and at other t imes on 
the composit ion of the culture medium. On the other hand, this indicates 
that the sensit iv i ty or indifference of the species to l ight is not connected with 
the kinship. 
The synthesis of the pigments is expla ined by the „metabo l i sm" theory 
in that the formation of certain metabol ic products requires l ight and does 
not t ake place in the da rk (CARLILE, 1965) . It wa s observed on fungi grown 
in l ight and in dark that the deve lopment of their colours, and their var ie t ies 
of colour, depended on the l ight. 
It is a genera l ly accepted v iew that l ight is necessary, pr imar i ly for ca-
roteno id production. It has been found that Fusarium aqueductum (EBERHARD 
et a l . , 1 96 1 ) and Pyronema confluent (CRALILE, 1956) synthetize carotenoid 
only in l ight, whereas light merely enhances the carotenoid synthesis in Pbyco-
myces blakesleeanus (GAKTON e t a l . , 1 9 5 1 ) . 
The l ight not only exerts an effect on the carotenoid-type pigments, but, 
for example , a lso inhibits the formation of naphthoquinone in Fusarium osy-
sporum. 
Melan in formation is affected by l ight in contrasting w a y s : it is s t imulated 
in Aureobasidium pulhdans (LINGAPPA, 1 9 6 3 ) , a n d inh ib i t ed in the b lack 
mutant of Neuspora crassa (RAPER, 1949). It is of great interest that pigments 
formed in the dark are revers ib ly t ransformed to other colours as a result of 
photo-oxidation if the fungus is i l luminated . Severa l examples of this were found 
in our own exper iments , in agreement with the da ta of RIEDHART and PORTER 
(1958), who observed the transformation of the ye l low pigment in PeniciUium 
herguei to a green pigment. 
Also of interest arc the results of a study of whether the photo-effect can 
be subst i tuted, and if yes, to what extent with the change of the composition 
of the cu l tu r e m e d i u m (MUNTANJOLA c t a l . , 1 9 6 8 ) . 
These observat ions show that none of the sugars is ab le to substitute the 
effcct of l ight, but in high concentration a weak sporulat ion can be induced. 
In l ight, however , the composition of the culture medium causes changes in the 
pigmentat ion. 
so 
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Besides the general it ies, the literature does not provide sufficient infor-
mation with regard to the effects of various monochromatic lights and various 
substrates on pigment-synthesis. 
1. E x p e r i m e n t a l o b j e c t s : Penkillium purpurogenum, Pent till rum itotatum, As-
pergillus re pens and Aspergillus versicolor strains. Tbe strains were provided by the National 
Vitieultural and Oenologieal Research Intsriture: for the duration of the experimental period 
they were kept on a potato glucose agar medium in test-tubes, under a protecting layer of 
paraff in oil, and these accurately determined strains were used for the transoculations. 
2. C u l t u r e m e d i a : The following five culture media were used to study the ef-
fects of the medium: 
a. Czapek-Dox solid culture medium (pH 6 .8—6.9 ) to which the sugar was added before 
the sugar was added before the final sterilization. 
b. Czapek-Dox culture medium supplemented with microelements in the fol lowing va-
riations : 
c. P o t a t o agar cu l ture medium (S/ALAI a n d FRENYO. 1 9 6 2 ) . 
d. Czapek-Dox liquid culture medium. 
e. Modified Czapek-Dox culture medium, the basal composition of which agreed with 
that of culture medium (a), but the C courcc was varied and it was supplemented with vitamin 
B in the following variations: 
(1) Varying the C source. 10°/« nr 2 0 % dextrose was employed in place of 3 0 g 
( 3 % ) dextrose. 
(2) Culture medium (c) was supplemented with a yeast extract. 
The culture media were freshly prepared in all cases and. a f ter adjustment to the appro-
priate pH, Were poured according to the aims of the experiment into test-tubes 1 .5 cm in dla* 
meter. Petri dishes 10 cm in diameter, or 150 ml Erlenmeyer flasks. 
A f te r sterilization the culture media were put into room-temperature thermostats for 
3 — ! days, and only those were used for inoculation which proved to be sterile. The spore or 
mycelium pieces were transferred onto the appropriate sterile culture medium in a UV-sterilized 
chamber by means of an inoculating loop, in such a way that it adhered well to the surface 
of the agar, but did not sink in deeply and into the culture medium. 
Under the (usual) sterile conditions, in feet ion-free cultures were atteined in 80" o of the 
transoculations. 
The solid culture media were used to study the intensity of growth and the structure of 
nJfony formation, while pigments were extracted from the cultures of the liquid media. 
In both cases 30 ml of nutrient solution was employed. 
3. C u l t u r a l p r o c e d u r e (incubation) 
The cultural conditions were varied according to the aims of the experiment. The cul-
tures were placed in thermostats, kept in the dark, and developed at 2t>-—28 °C ( i 0 .2 °C). 
The cultures subjected to variation bv night and day were maintained at laboratory tempera-
ture of 2 2 — 3 3 °C. 
For the study of the photo-effect the cultures w e i e placed in A climatic chamber, the tem-
perature of which was similarly 2 6 — 2 8 °C (± 1 °C). The climatic chamber was illuminated 
with light of an intensity of 1 2 0 0 — 1 5 0 0 lux, enriched with monochromatic light by the use 
of white, red. orange, green and blue discharge tubes. 
The growth of the cultures was expressed with the index of transverse diameters, and 
the measorements were made at gradually increasing intervals (on the 1st, 2nd, 3rd. 4th. 6th. 
8th. 10th and 12th days). 





Basal nutrient medium (a) + CuSC>4 • 5 H j O 0 . 0 0 2 5 g 
Basal nutrient medium (a) + M n S O j 0 . 0 0 2 5 g 
Basal nutrient medium (a) — ZnSOj 0 . 0 0 2 5 g 
Basal nutrient medium (a) + M n S O j 0 . 001 g 
+ ZnSOi 0 . 0 0 1 g 
4- CuSOj • 5 H î O 0 .001 g 
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4. P i g m e n t e x t r a c t i o n 
Tiic cultures on the liquid culture medium were separated on a Biichner Funnel on the 
intense pigmentation of the culture medium (generally after 1 4 — 1 6 days), the mycelium mass 
homogenized, and the pigments were dissolved out by treatment with methanol. Two methods 
were used during the procedure. In one case the culture was subjected to a fractionation 
procedure, an aqueous extract (fraction II) was prepared from the mycelium mass after homo-
geni^arion. and the residual pigments were cluted with methanol during 24 hours (fraction III). 
The nutrient solution separated from the mycelium mass (fraction I) was subjected to speetru-
phorometric analysis after evaporation, similarly to the other two fractions. 
In the other case the methanolic extract of the mycelium was combined with the filtrate, 
and used for chromatography after methanolic extraction and mild evaporation. 
5. C h r o m a t o g r a p h y o f t h e p i g m e n t s 
Til in layers were prepared from silica gel according to the method of STAHL (1967) and 
.applied in a thickness of 1 mm to 2 0 X 2 0 cm glass plates. After drying for 10 minutes the 
plates were acrivated at 50 °C. 0.1 ml portions of the material were transferred to the start-
point by micropipette and a chloroform : acetic acid mixture (7 : 2 v/v) was used as solvent; 
this had been found to be the most suitable after trials with a large number of running sol-
vents. The development was carried out at room temperature, a time of 8 0 — 9 0 minutes being 
required for the attainment of a front distance of 1 5 cm. 
The fractionated pigment components were also studied in UV light. 
Results and discussion 
D e p e n d e n c e o f g r o w t h o n t h e c o m p o s i t i o n 
of t h e c u l t u r e m e d i u m 
For every culture medium it can be said that the colonies of the species 
selected for the experiment grew quickly and the pigmentation, zonation and 
colony character typical of the species had developed on the 6th day following 
the transoculation. After the 6th day the inner parts of the colony multiply 
in thickness, but in contrast the peripheral part remains thinner and the hyphal 
mat is looser. The colony becomcs increasingly thick on ageing. 
It is also generally va l id for the cases studied that the growth of the 
* Ciapen • Ciopek+Mn o CzopektCu 
a Ciopeit + In A Ciopek + Mn + Cu»2n 
Fig. 1. Growth of Penidlhum notatitm in white light on Csapek-Dox agar culture medium 
enriched with microelements. 
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colony is completed in the 8 th -10 th week, the mycel ia harden, and their wa t e r 
content decreases. 
The growths of Penicillium not at um and Pehcillium purpurogenum on 
Czapek-Dox aga r were measured in white l ight and the obta ined results were 
used as controls for the growths on culture m e d i a of d i f ferent composit ions 
(Figs. 1, 2) . 
Of the microelements, Zn inhibited the growth , wh i l e M n s t imula ted it to 
a g rea ter extent and Cu to a lesser extent compared to the basal med ia . The 
use of the three microelements together d id not result in as large a growth as 
for Mn or Cu a lone ; thus, the inhibit ing effect of Zn was exhibi ted even in 
the combinat ion of the microelements (Fig . 1). 
The growth of Penicillium purpurogenum wa s s imilar to that of Penicillium 
notatum on the basal medium. The inhibit ing effect of Zn is s tr ik ing, par-
t icular ly at the beginning of the development , and in this case the s t imula t ing 
effect of Cu exceeds that of Mn . It is worthy of note that the combined app l i -
cation of the three microelements st imulates the growth in the first ten d a y s 
of the development better than the microelements separate ly , and the inhibit ing 
effect of Zn appears only in the later stage of the development (Fig . 2 ) . 
2 4 6 fi 10 12 DAY 
* Ciopek • Ci*-f1ri o Cn-Cu a Cz+Zn ¡i Cz*Mn + Cu + Zn 
Fig, 2. Growth of PeificiUium purpurogenum in white light on Czapek-Dox agar culture me-






* Cropek • Cz+Mn o Ci*Cu A Cz«-Zo aű-MntOi-ín 
Fig. 3. Growth of Aspergillus repens in white light on Czapek-Dox agar culture medium 
enriched with microelements. 
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The composition of the cul ture medium has only an extremely small effect 
on the growth of Aspergillus repens. The curves shown ¡n Figure 3 are prac-
tically para l l e l to each other, and the differences between them are so small 
that they may be considered to be within the l imits of error. Wi th the exception 
of Zn, the microelements exert a just measurab le st imulat ion, whi le Zn exhibits 
an extremely slight inhibit ing effect . 
As regards the given culture media , therefore, Aspergillus repens is not 
sensit ive. 
0 31X1 DAY • 6lhDAY • [2,h0HY 
Fig. 4. Grouch of PeniciUium not alum on Czapck-Dov agar eulture medium in various mo-
nochromatic lights. 
P h o t o - e f f e c t s o n t h e g r o w t h o n C z a p e k - D o x 
a g a r c u l t u r e m e d i u m 
S ign i f icant differences in growth were observed in the var ious spectral 
regions cnriched with monochromatic l ight as deta i l ed in the methodological 
description (Figs, 4 - 6 ) , For the better i l lustrat ion of the differences column 
graphs were used, and to show the differences more distinctly only the experi-
mental da ta for the 3rd, 6th and 12th days are g iven. Growth in white l ight 
was aga in taken as control, and the growths observed in the monochromatic 
light wa s compared to this. 
In the case of PeniciUium not alum the monochromatic l ight induced no 
st imulat ion or inhibition at a l l , but in periodic i l luminat ion the growth decreased, 
and thus Penicillium notation can be considered a photophil ic fungus. This 
photophilia, however, can be sat i s f ied not only by whi te l ight but by any 
monochromatic light. The 1-mm differences occurring here and there in the 
colony d iameter arc probably due to errors of measurement (Fig. 4 ) . 
The photo-effects are just the reverse in the case of Penicillium pur pur o-
genttrn. If the growth observed in whi te l ight is used as control, then the 
growth in the dark can be said to be more intense than in l ight. The strong 
decrease of the growth measured in periodic i l luminat ion can not be expla ined 
by the scotophil ia. Of the monochromatic l ight regions, red light has almost 
the same effect as whi te light, wh i l e orange, green and blue lights exhibit 
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increasing inhibit ing effects on the growth. It can be concluded from the 
exper imenta l d a t a that the growth of Penicillium purpurogetjum is inhibi ted 
to an increasing extent with the shortening of the wave leng th of the l ight 
( F i g - 5 ) . 
Aspergillus repens behaves s imi lar ly to Penicillium purpurogenum and 
grows much more quickly ¡n the da rk than in constant whi te l ight. The growth 
is a lso greater in red light than in white l ight , hut decreases in a l l the other 
spectral regions in proportion to the shortening of the wave length . In per iodic 
a 3 r d DAY n&^DAY 0 E ^ M i 
Fig. 5. Growth of Penicillium purpurogenum on Czapek-Dox agar culture medium in various 
monochromatic lights. 
i l luminat ion the growth-st imulat ing effect of the dark period is more w e a k l y 
manifested than the inhibit ing effect of the l ight (Fig . 6) . 
It can be establ ished from the above that for the three moulds examined 
0 3 r d DAY • DAY 0 12 th DAY 
Fig. 6. Growth of Aspergillus repens on Czapek-Dox agar culture medium in various mono-
chromatic lights. 
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the nature of the light p lays a larger role in the regulat ion of the ra te of 
growth than the composition of the culture med ia s tudied . 
The next question is whether this effect of the two factors occurs in the 
synthesis of the pigments. 
P h o t o - e f f e c t s a n d v a r i a t i o n o f t h e p i g m e n t 
c o n t e n t 
Unexpected dif f icu l t ies were encountered in the extraction and separat ion 
of the pigments , and this compel led us to s impl i fy the planned complex inves-
t igat ions, The dif f icu l t ies arose from the fact that the chromatographic sepa-
ration of the components succeeded only a f te r long exper imentat ion, as already-
indicated in the methodological part . Even with extraction and running in 
decreased l ight, the ind iv idua l colour components, a l though a l w a y s ident i f iab le , 
appeared with very faint colours, and in ordinary l ight the contours of the 
spots could not be ident i f ied in most cases. It wa s effect ive in a lmost every 
case to s tudy the thin layers in U V light (254 m) , when the colours w e r e 
intensif ied and the contours too became dist inguishable . The fol lowing can be 
said in connection with the pigment va r i a t i on : 
In Penicillinm notatum a max imum of 7 spots could be dist inguished in 
the red on the 14th day . Pigments of colonies grown in orange i l luminat ion 
gave 5 spots. The pigments synthetized in the different i l luminat ions are g iven 
in F igure 7, and we should l ike to indicate the d i f ferent ia t ion og these. The 
chromatogram confirms that the colour composition of PentctUium notatum va-
ries in qua l i t y primari ly depending on the i l luminat ion. 
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YELLOW RED BROWN GREEN ORAhGL VIOLET 
Fig. 7. 14-day PentdUium notatum pigments separated on a silica gel thin layer. 
The number of components increases in the pigments extracted on the 
24th d a y ; this is most striking in colonies deve loping in the da rk , where 10 
components can be recognized, and becomes predominant in red, brown and 
bluish-violet colours. It can be stated in connection with Penicillium notatum 
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that in the older colonics the green and bluisb-vioXa, components accumula t e 
(F ig . 8), these not being character ist ic for young colonics (F ig . 7) . 
The richness of colour of Pénicillium purpurogenum is greater than that 
of Pénicillium notatum, A max imum of 9 and a min imum of 6 colour-spots 
were dis t inguished on the 14th day . The most spots occurred in blue and wh i te 
l ights. The fewest spots were g iven bv the chromatogram of an extract of 
fungus grown in the dark . In contrast wi th Pénicillium notatum, the green spot 
here w i th an Rf va lue of 0 .37 appears for a l l of the monochromatic l ights. 
In Pénicillium purpurogenum the red colour exhibits three d i f fe rent Rf 
va lues , and is present in such large quant i ty that the culture medium is coloured 
a complete ly homogeneous red. In the da rk , or in orange and green l ights a 
green pigment appears at Rf 0 . 1 2 ; this is not present in red l ight. 
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Fig. 8. 24-day Penicillium not alum pigments separated on a silica gel thin layer. 
The chromatogram of pigments extracted on the 24th day is even richer 
in colour, and the number of components is higher. At most 12 components 
a p p e a r ; this in due in part to new red spots and shades of green. In the da rk , 
however , the pigment content remained unchanged even on the 24th d a y . 
In Aspergillus re pens a min imum of 4 and a max imum of 8 components 
appea r on the 14th d a y : the fewest in orange or darkness , the most in red 
light. 
On the 24th day 13 pigments are found in the cultures in blue l ight , 
and only 8 pigments in those in the da rk . The composit ions of the p igments 
exhibit many s imi lar i t ies in white , red and blue l ights, and in orange and 
green l ights. 
The pigment content of Aspergillus versicolor is the most var i ed , 14 
pigments appear ing in the 14-day culture. 
The most var ied pigment content is synthet ized in whi te l ight , and the 
least (5 spots) in the da rk . In this respect, therefore, the two Aspergillus a r e 
s imi lar to each other. The var iety of the p igments increases with the growth 
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of the cu l tu re ; the red, and then the ye l low and yel lowish-green pigments 
dominate , whi le the blue pigments have the lowest contents (Fig . 9) . The young 
colonies are richer in colour in red light than in blue l ight, but the situation 
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Fig. 9. 14-day Aspergillus versicolor pigments separated on a silica gel thin layer. 
There appears to be a genera l ly va l id tendency for the pigment content 
to be poorer in orange and green lights and in the da rk , whereas it is the most 
var ied in whi te or red lights. The pigment compositions of the Aspergillus 
species are more var ied than those of the Pénicillium species. 
It is character ist ic for the ind iv idua l species that they g ive a def in i te 
colour to the culture medium in their environment , this pigment being synthe-
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GREEN ORANGE BLUE 
Fig. 10. 24-day Aspergillus versicolor pigments separated on a silica gel thin layer. 
so 
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rulation. The pig ment-synthesis and excretion by the mycel ia is continuous, foi 
the pigmentation of the nutrient solution becomes more intense. 
The complexity of the absorption spectra indicate that the apparent ly 
homogeneous pigments produced by the mycelia are mixtures of several com-
ponents. For technical reasons we have not yet been ab le to make a separate 
study of the pigments of the conidia, and so it cannot be establcshed from the 
chromatograrns which parts of the fungus the individual pigments arc der ived 
from. The aim of our further studies is to separate the pigments if possible 
according to organs and to identify the individual organs chemical ly. 
E f f e c t o f t h e c o m p o s i t i o n o f t h e c u l t u r e 
m e d i u m o n t h e p i g m e n t - s y n t h e s i s 
Change of the composition of the culture medium also leads to changes 
in the composition of the pigments. 
Absorption spectra were taken in accordance with the fractions described 
in the mcthological part. The extenctions of fraction 1 of the pigments excreted 
into culture media of various compositions are shown in Figure 11. It can be 
seen that the excreted pigments are composed of several colour-components, 
the absorption maxima of which lie in the wavelength region 4 0 0 - 5 0 0 nm. 
The nature of the curve is the same in the case of the different culture media . 
Fig. II . Extinctions of Penicilliurn purpitroi>e/inm pigment extract after growth in nutrient 
solution of various composition >. 
It appears that if a microelement such as Zn is added to the culture 
medium the value of the extinction decreases, i.e. the amuunt of pigment 
diffusing out into the nutrient solution decreases. The joint application of Zn 
and Mn promotes the excretion. As we have seen, the synergistic effect of the 
two microelements is also manifested in the growth of the mycelium, 
With the increase of the sugar content of the culture medium the character 
of the curve does not alter, but in contrast the diffusing out of the pigment is 
inhibited. In sugar-rich culture media the bulk of the pigments is found in 
fractions II and III. 
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It is assumed that there is a relation between the increase of the sugar 
concentration and the retention of the pigment, presumably as a result of the 
change of the permeabil ity or the stronger bunding of the pigments. However, 
the relation is not known. 
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Introduct ion 
W c have demonstra ted in previous papers (VARGA, 1 9 6 8 : VARGA et ah, 
1968) that af ter feeding the hcan hypocotyl tissues with tr iptophan (TTP) and 
u C - 2 - T T P , the conversion of T T P to indoleacet ic acid ( I A A ) or 1 1 C - I A A (in 
vivo) t akes place in a higher degree in the GA- t r ea t ed stems than in the 
untreated controls. It seems, therefore, that the ut i l izat ion of the precursor in 
the IAA-biosynthesis is increased by GA, 
It is a n y w a y to take into considerat ion that a t invest igat ing the T T P t 
I A A conversion in vivo, we could not follow s imultaneously with at tent ion 
and f i l ter out several metabol ic processes that can exer t inf luence on the 
aux in y ie lds . In case of in vivo exper iments , for example , there was no pos-
sibil ity of gather ing information about the degree of the ox ida t ive degradat ion 
going on para l le l with the IAA-synthes is . The concentration of I A A , however , 
measured at the given date , depends in a high degree upon the aux inox idase 
act iv i ty . W c regarded, therefore, des i rab le to carry out also the in vitro investi-
gat ions of s imi lar aim with ce l l - free enzyme preparat ions, for confirming the 
results of the in vivo exper iments . 
It has been proved in more works that ce l l - free enzyme preparat ions can 
perform the TTP — I A A conversion. GORDON wrote first in 1958 about an 
enzyme system extracted from shoot tips of Phaseolus aureus seedl ings which 
cata lyzed in vitro the process of the conversion of TTP to auxin . LANTICAN 
and MUIR (1967) descr ibed an IAA -produc ing enzyme system isolated from 
the apex of Avena coleoptiles, MOORE and SHANER (1967) from that of pea, 
VALDOVINOS et at., ( 1 9 6 7 ) s i m i l a r l y f rom tha t of p e a a n d Coletts, a n d PHELPS 
and SEQUEIRA (1967) from that of tobacco shoots. 
The degradat ion of T T P to aux in by cel l -free plant t issue extracts can, 
therefore, be carr ied out in vitro too; and in the present exper iments the effect 
of G A on the T T P — I A A conversion wa s invest igated in this way , too. 
O n t h e b a s i s o f t h e w o r k s of GORDON a n d PALEG ( 1 9 6 1 ) , GORDON a n d 
BUESS (1963) - who had referred to the TTP-degradat ion t ak ing place spon-
taneously, as we l l , in the reaction mixtures - in the course of the exper iments 
we took inti consideration the possible formation of I A A both in enzymatic 
and in non-enzymatic w a y . 
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Mater ia l s and Methods 
The apical segments of seven days old shoots of bean seedlings (Pbaseolus vulgaris L. 
var. Golden Rain), with the terminal bud and primordial leaves, were used for the experiments. 
Tile cell-free enzyme preparation was made according to MOOR and ShANER ( 1 9 6 7 ) : 
the chilled tissues were homogenized with Mac Ilvain's buffer of double amount (pH 6.4 and 
7.6), and after filtration were centrifuged with 105 0 0 0 * g for 90 minutes. In some cases 
the enzyme extract was dial y zed against 0.1 M buffer, for twenty hours, at 2 to 4 ° C . 
With the enzyme preparation — in cases of both pH — four kinds of reaction mixtures 
were made, for the following aims: 
1) Investigation of the enzymatic degradation of T I P in the presence of G A : 5 ml enzyme 
preparation + 5 ml TTP <5• 10—^ M) + 10 ml G A (50 ppm). 
2) Control of No. 1. without G A : 10 ml enzyme preparation + 5 ml TTP ( 5 1 0 — 1 M) 
-I 1 0 ml buffer. 
3) Investigation of the spontaneóos conversion of TTP in the presence of G A : 5 ml 
preparation + 5 ml TTP (5-10—• M) + 1 0 ml G A (50 ppm). 
4) Control of No. 3 without G A : 10 ml TTP ( 5 1 0 — 4 M) + 1 0 ml buffer. 
The incubation took place two hours loog io the dark, with a continuous current of air. 
After stopping the reaction and acidifying to pH 2.8, the IAA content of the mixtores was 
shaken into peroxide-free ethyl-ether and separated with paper chromatography (Sch 8c Sell 
2043 b paper, isopropanol — 7°/o am mo o ia-water 8 : 1 : 1 solvent). The quantity of IAA was 
compared partly on the basis of spot size and colour intensity obtained by Ehrlich's reagent 
and defined in relation to the standard series, partly by photometric measurement of the cluate 
of the c h rom at og ram-spots at 2 8 0 ftm. For expressing enzyme activity, the following formula 
was used: m/tg IAA min. x ml enzyme (i.e. IAA m«g produced in the reaction mixture io 
one minute and multiplied with the present ml enzyme). It is to be noticed that the incubation 
time of two hours means about the saturation level, the curve of the IAA yield being linear 
for 1 2 0 — 1 3 0 minutes. Referring the efficiency of the enzyme preparation to protein-N. also 
the specific activity was expressed: m«g IAA min. x mg nitrogen. 
Every investigation was carried out with two parallels, in four replications. 
Resul t s and discussion 
The IAA-svnthesizing abi l i ty of the cell-free enzyme preparat ion was 
studied with the four sorts of reaction-mixtures described in the Methods, at 
pH 6.4 and 7.6. The parallel work at both pH was considered necessary because 
Table 1. GA-induced change in the lAA-synthesizing ability of cell-free enzyme extracts from 
seven days old bean shoots (pH 7.6). 
Incubation nt/ig Enzyme* Protein—N Specific** Activity 
mixtures EAA min. .inivity d p r-.' n i v i t y percentage 
enzyme 
1 { TTP 764.0 3820 1 .12 4278 2 1 5 i { 
{buffer 
TTP 
G A I 
GA 
2 \ 354.1 1770 1 . 12 1982 100 
86.5 4 3 2 1 . 12 484 24 
92 .8 464 1 . 12 520 2 6 
buffer 
T I T 
* mug IAA/min. x ml enzyme 
** mug IAA, min. x mg protein—N 
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the in vitro functioning of the T T P — IAA convert ing enzyme system has -
on the basis of our previous invest igat ions and KOVES'S paper ( 1965) - its 
opt imum between pH 7 and 8 and then there is pract ica l ly no IAA-ox idase 
act iv i ty . On the other hand, pH 6.4, which is less favourab le to lAA-format ion , 
is the pH optimum of the IAA-ox idase in bean. 
In the course of the exper iments T T P — I A A conversion was observed, 
in a lower degree , in the enzyme-free reaction mixtures Nos. 3 and 4 as w e l l ; 
the demonstrable I A A amount was , however , in both cases + ident ica l . The 
spontaneous degradat ion of T T P to aux in was , therefore, by the presence of 
G A perceptibly not inf luenced (Fig . 1). Al l the more wa s noticed the st imulat-
ing effect of G A on the enzymatic IAA-format ion ; its presence namely strongly 
increased in the first reaction mixture the TTP-con vert ing act iv i ty of the 
enzyme extract , that is to say , the y ie ld of I A A . The results referr ing hereto 
a r e given in Tab le 1. The conclusions that can be d rawn from the d a t a can 
be accorded essestial lv wel l with MUIR'S ( 1964 ) results of s imi lar a im obta ined, 
however , with another method and on other objects. It was namely observed 
by the author, too, that a f te r GA-t rea tment the enzyme preparat ions from apica l 
t issue of dwar f pea and from tomato ovary performed the conversion of T T P 
to aux in in a higher degree . 
Pig. 1, Relative quantity of IAA formed in the reaction mixtures, on the basis of spot size 
and colour intensity (pH 7.6). 
1, 2, 3, 4 = reaction mixtures 
In the exper iments , the G A given to the ce l l - free enCTme preparat ion at 
pH 7.6 increased the y ie ld of IAA to be more than double (Table 2) . Carry ing 
out the invest igat ions under completely steri le condit ions and in the presence 
of 200 ml penici l l in and streptomycin, the y i e ld of IAA did not decrease 
(Table 2 ) ; it is not probable, therefore, that the T T P —- IAA conversion 
observed would be of bacteria l origin, as publ ished in the papers of some 
a u t h o r s (LIBBERT a n d WLCHNLR, 1 9 6 3 ; LIBBERT et a!., 1 9 6 6 ; WINTER, 1 9 6 6 ; 
WICHNER and LIBBERT 1968, etc.) . Some part ic ipat ion of epiphytic bacter ia in 
1 2 
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Table 2. Effect of G A , dialysis, and antibiotica on the 1 AA-synthesizing ability of the cell-free 
enzyme preparations made from bean shoot. 
Enzyme Presence Yields of 1AA 
preparations of G A mug g «moles g 




— penicillin and 
streptomycin 
Dialyzed 






















'-c' or mixtures 
pH 6,2 
Fig. 2. Chromatogram-spots of 1AA and IAA-precursors formed from tryptophan in the reac-
tion mixtures. 
(Solvent: isopropanol — 7fl/o ammonia — water 8 : 1 : 1 ) 
the lAA-product ion is, of course, not exc luded completely by our exper iments , 
i l u t we do not bel ieve that this could be considerable in this case — or in 
other s imilar experiments - as compared with the IAA-product ion of the 
enzyme system of apical stem tissues. 
On the other hand, the y ie ld of I A A was observably increased in the 
reaction mixtures, containing G A or not, by the d ia lys i s of the enzyme pre-
parat ion (against 0.1 M buffer, for 20 hours, a t 2 to 4 c C ) , Tha t can be 
expla ined by the removal of the compounds disturbing the reaction, resp. of 
the phenolic co-factors st imulat ing the lAA-ox ida s e act iv i ty . 
For determining also the s imultaneous IAA-destruct ion in the reaction 
mixtures, I A A of known quant i ty was added to the enzyme preparat ions 
(pH 7.6) and a f t e r two hours incubation the remaining auxin concentrat ion 
w a s m e a s u r e d (VARGA a n d BALINT, 1 9 6 6 ) . T h e I A A - d e s t r u c t i o n p r o v e d to be 
of very low degree : 1.35 to 1.80 "g h per ml of enzyme. That means that the 
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1AA could be rega ined in 92 to 94 per cent. In the tissue extract of the bean 
shoot appl ied , at pH 7 .6 , is therefore no considerable IAA-ox idase ac t iv i ty . 
The va lues g iven in Tab l e 1 can therefore be considered as the actual aux in 
y ie lds dur ing the t ime unit . 
The I A A quant i ty produced at pH 6 .2 — although its presence wa s 
doubtless observed in the Nos. 1 and 2 reaction mixtures — was much less 
than that obtained a t pH 7.6. That is obviously because in this case the in vitro 
T T P — I A A conversion of lower degree wa s fol lowed by IAA-destruct ion of 
higher degree . The aux in-ox idase act iv i ty of the enzyme preparat ion wa s here 
10.8 to 11.7 fig/'h per ml of enzyme. This corresponds to rega in ing not more 
than 45 ± 3 per cent of the I A A added . 
On the chromatograms of the ether extracts of the reaction mixtures , 
apart f rom the I A A spot, there could be observed, of course, other spots of 
indole compounds formed from T T P as w e l l ; and at pH 6.2, too, about in 
the same amount as at pH 7.6. From among these I A A precursors at RF 0 . 83 
indoleaceta ldehyde ( IAA ld ) , a t 0 .92 indoleacetamide ( IAa) , and at 0 .98 indole-
acetonitr i le ( IAN) could be ident i f ied. Ident i f icat ion took place on the basis of 
R va lues , colour reactions, UV fluorescence and U V absorption spectrum, as 
compared to those of authent ic compounds. 
The result of the in vitro exper iments carr ied out with cel l -free t issue 
extracts have therefore conf irmed aga in our previous statement that in bean 
shoots the biosynthesis of IAA from T T P is main ly rea l ized through I A N -
IAa , but another pa thway through indolepyruv ic ac id ( IPvA) — IAAld can 
also be proved (VARCA et al., 1 9 6 8 ; VAKGA, 1971) . It seems tha t the presence 
of G A exerts a st imulatory effect on these biochemical processes. 
Summary 
The abi l i ty of the cel l -free enzyme preparat ions from apica l t issues of bean 
shoots to rea l ize T T P — IAA conversion was s tud ied , in presence and absence 
of G A . Addi t ion of G A to the enzyme preparat ion d id not exert any inf luence 
on the spontaneous degradat ion of T T P to aux in ; it did however considerably 
st imulate the enzymat ic I A A production and mult ip l ied many times the y i e lds 
of aux in . The IAA-synthes iz ing ab i l i ty of the t issue extracts was therefore 
def in i te ly increased by the presence of G A . These in vitro exper iments have 
confirmed the results of our ear l ier in vivo invest igat ions. 
Carry ing out the experiments under ster i le condit ions and in presence of 
ant ibacter ia l compounds, the y ie ld of I A A d id not decrease. The T T P — I A A 
conversion observed cannot be, therefore, of bacter ia l or igin. 
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In t roduc t ion 
The proper cerebral cortex appeared first at lizards although there are tn 
the dorsal part of the forebrain of Amphibia some cell groups that may be 
considered as the precursors of the cerebral cortex. 
In the cerebral cortex of lizards, going from the lateral wall of ventricle 
towards the surface of brain, the first layer is that of ependyma cells consisting 
of a single cell line. The cells are cylindric. Every cell is continued in an 
ependyma! fibre that, going on upwards in the cerebral substan:e, is ramify ing 
abundantly. The rami pass through the single layers and end, in the form of 
terminal heads, on the surface of brain. The ependymal fibres appear in the 
preparations impregnated according to GOLGI'S method in so large numbers 
that cover the other layers of cortex almost entirely. The layer of ependyma 
cells is fol lowed by the medullary layer. 
The medullary layer is consisting of myelinated fibres. These arc part ly 
the neurites of the nerve cells of cortex, partly centripetal fibres originating 
from other cerebral regions, mainly from the olfactory region and ending in 
the cortex. The medullary layer is followed by the layer of pyramidal cells. 
The pyramidal cells arc forming more layers. They have got their name 
from their pyramid- l ike shape. Their cell body is tr iangular . The base of 
triangle is looking towards the cerebral ventricle. The cell part lengthened and 
directed towards the surface of brain is proceeding to a thick dendrite, the so 
called peak-dendrite ramify ing abundantly . The rami becoming more and more 
thin enter the external molecular layer and end there. There originate from 
the base of pyramidal cells at about the middle region the neurite and from 
the corners the two basal dendrites. The latter ones are abundantly ramify ing 
and their strongly thinned terminal rami develop the deep molecular layers 
(KRAUSE, 1921). 
In the layer of pyramidal cells, apart from the typical pyramidal cells, 
there are other cell forms, too, of course, in a much lower number than the 
pyramidal cells. Cell forms like this are the tr iangular cells the peak of which 
is directed towards the ventricle of the brain and their two basal main dendrites 
towards the surface of the brain. Among the pyramida l cells there are bipolar 
cells, as wel l , occurring mainly in the dorsal and lateral regions of cortex. The 
layer of pyramidal cells is followed by the external molecular layer. 
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The external molecular layer consists overwhelmingly of terminal rami 
and centripetal fibres originated from the ramification of peak dendrites. En the 
layer, in addit ion to the fibres resp. fibre terminations, there can rarely be 
observed bipolar cells of rather large extent, as well , the longitudinal axis of 
which is paral lel with the surface of brain. The outmost parr of cortex is the 
tangential layer. 
The tangential layer consists of fine unrneduHated fibres running paral lel 
with the cerebral surface. A number of the fibres arc centripetal fibres, others 
of them are the rami of the neurites originating from the pyramida l cells. The 
neuritcs of not al l the pyramidal cells are namely directed towards the me-
dul lary layer, but there arc also that arc bending hack, stepping in the external 
molecular layer, in that ramifying and the rami ending in the tangential layer . 
For recognizing the ultrastructure of the cerebral cortex of l izards, we 
have carried out electron microscopic investigations on the cerebral cortex of 
the sand-l izard. 
Materials and Methods 
For being investigated, small pieces were excised from the dorsal part of telencephalon, 
fixed in osmic acid buffered according to Milloning, dehydrated in alcohol of gradually increasing 
concentration and embedded in araldit. W e made sections from the material with an L.K.B.-
ulrramicrotome and investigated them with electron microscopes YKS LA D 242 and J KM 6. 
Some of the investigations were performed in the Biological Research Institute of the Hun-
garian Academy of Sciences at Tihanv others in the electron microscopic laboratory of the 
Institute of Biochemistry. University Medical School. Szeged. In the following we sum up the 
results uf our observations concerning some components of the cortex. 
Nerve cells 
There are characteristic for the nerve cel ls : the narrow, margin- l ike cyto-
plasm (perication), a round nucleus of central position, as well as the processes, 
neurite and dendrites. In the cytoplasm, the endoplasmic reticulum, that is to 
be regarded as the largest organcllum of the cell, appears in the form of various 
cisternal systems. Its shape and external form, the extent of the single cisterns, 
its course, connection in the various cells a rc very different , showing in some 
case a peculiarly different picture. There are cases where some parts of cisterns 
widen out extremely, forming very large cavit ies. On other occasions, the 
cavit ies resp. cavity systems of straight course, uniform in length and quasi 
identical in diameter , too, arranged beside each other arc showing a form 
reminding us of the chords of lute. There are cases when the tubes of rcticula 
are of proportionally narrow lumen, showing anyway in some places smaller 
or larger di latations. The cisternal regions developed in this way , in which 
the di latat ions and strictures are alternating with each other, take on a wavy 
shape and the tube systems that arc parellel with one another are forming 
specific wave systems. Between the cisterns there appear sometimes some 
roundish formations limited by thin wal l s in the central substance of which 
there may be observed very small granules being electron-dense only in a low 
degree. (Fig. 1). 
In the cytoplasm a particular place is taken by GOLGI'S complexes. W e 
have to say that in the course of our investigations covering almost every region 
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Fig. 1. Lacerla agil'ts. Cerebral cortex. Nerve cell. Cyc — cytoplasm. Cm — cell membrane. 
N — nucleus, Nm — nuclear membrane, Nmt — internal nuclear membrane. Nme — 
external nuclear membrane. Er — endoplasmic reticulum. M — mitochondrium, R — 
ribosoma. Cr — chromatin. Ax — axon, D — dendrite, Sv — synaptic vesicle. As — 
axo-axonic synapse. Ad — axo-dcndritic synapse. Magnified: x 25.00. 
of the brain w e have found nowhere as many GOLGI'S complexes as in the 
ccrcbrocortical nerve cells of the sand- l izard. There are microscopic pictures in 
which 3 to 6 and even more GOLGI'S complexes can be observed showing 
interesting and specif ic formations. It is genera l ly characterist ic of these that 
the ves icular groupings arc richer and more developed than the tubular region. 
The vesicles are comparat ive ly large , showing a perfectly round form, and the 
many empty vesicles of equal size are fo l lowed at the edge of the f ie ld bv 
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large electron-light cysts. The high number and conformity of vesicles, the 
association of vesicles of large size, the abundance in short tubes and cavity 
systems speak in the favour of the supposition that at l izards GOLGI'S cerebral 
complexes may have a peculiar role. It is, of course, possible, too, that these 
marks do appear just at the sand-lizard that is extremely sensitive and moves 
incredibly fast (Fig. 2) . 
In the cytoplasm, both in the pericarion and in the dendrites, the multi-
vesicular bodies appear not in a high number but in a sharp form and in a 
Fig 2. Lacerta agilis. Cerebral cortex. Nerve cells. Cyt — cytoplasm. Cm — cell membrane, 
G — Golgi's complex, Mb — multivesicular body, Er — endoplasmic reticuîum, 
M — mitochundrium. N — nucleus. Nm — nuclear membrane. Nmi — internal 
nuclear membrane, Nme — external nuclear membrane, Np — nuclear pore. Magni-
fied: x 33.0UO. 
U L T R A S T R U C T U R E I N V E S T I G A T I O N S ON THF. C E R E B R A L C O R T E X 103 
comparatively large size. They are general ly roundish or long-shaped, their wal l 
is thick, homogeneous, and within them, limited from one another wel l , several 
vesicles o f . comparatively equal size may be seen. The latter ones do not touch 
one another, their stroma is of loose construction. 
In the cytoplasm, ribosomes can be seen in large numbers. Their locations 
and groupings are different . There are some microscopic pictures in which the 
ribosomes arranged in lines beside the endoplasmic cisterns arc fol lowing exactly 
the course of the latter ones. Besides these pictures there are some others, too, 
and not rarely, in which the ribosomes form groups, and even the general 
situation is that in the same picture both formations are to be found. In the 
middle of the groups the ribosomes arc nearly touching one another but near 
the border of the group they become strongly rat i f ied . 
Some characteristic components both of pericarions and of processes arc 
the mitochondria. They belong to the crista type. In their structure we can 
distinguish well the double mebranc and the central matrix in which the cortex 
of the crests engendered by the invagination of the internal membrane and the 
central light part a lways appear sharp. Between the crests we sec here as well 
as general ly in the mitochondria everywhere an electron-light matrix substance. 
The shape of mitochondria is extremely interesting and various. Most of them 
are manifesting the usual ell ipsoid rcsp. elliptical forms although there occur 
sporadical ly also those of them that may be included in the spheric type. 
Apart from them, the peculiar forms are not rare, cither. There arc remarkable 
those showing abnormity in width or length. Main ly the longitudinal overgrowth 
seems to be a rather frequent appcarance. The shapes of a crescent or of an 
expressed shepherd's crook are not rare, cither. There are, however, rare the 
forms referring to a division. The shape, size and direction of crests is manifold, 
their grouping is peculiar (Fig. 3) . 
The cell nucleus is general ly big, it constitutes almost three-quarters of 
the cell. It is an electron-dense granulated body, surrounded only by, a very-
narrow pericarion border. Its substance is loose, the chromatin clots are form-
less, forming sporadical ly larger knots. In the nucleus is to be found the 
nucleolus, usually of excenrric location. Its shape is irregular, sometimes 
roundish. Its substance is much more electron-dense than that of the nu;lens, 
consisting of round knots arranged close to one another. The nucleus is sur-
rounded by a double nuclear membrane distinctly visible. The area between 
them is proportionately wide and in every case sharply conspicuous. The two 
nuclear membranes — here as well as general ly - adhere sporadical ly close to 
each other, later however getting farther. In these places the nuclear pores are 
to be seen. It is not rare either, that the external nuclear membrane gets into 
a great distance from the internal one, folding into the pericarion. As the 
process repeats in the course of the external nuclear membrane, peculiar cavity 
systems develop called herniae of the nuclear membrane. 
The neurite is a thin process of an unvarying thickness, l imited sharp by 
the highly consipicuous but proportionately thin axolcmma towards the adjacent 
tissue components. In the axoplasm we can see, even if not a lways , the neuro-
filaments of various thickness, located generally longitudinal ly . Among the 
latter ones there are some, as wel l , the course of which is not paral lel with 
that of the axis of axon. We have come to this conclusion from the fact 
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that in microscopic pictures they appear in cross-section. The synaptic vesicles 
are special ingredients of ncurites. These are empty vesicles of 150—300 A 
diameter that, as proved by our pictures, fi l l in completely not only the axon 
terminals but also other axon regions having no synapses a t all . Such a mass 
of vesicles never occurs in dendrites. This mark enables us to dist inguish the 
dendrites of various sizes from neurites and to find our way in the different 
forms of the synaptic connections, resp. contacts. 
Dendrites arc cellular processes of the most various size and dimension. 
Their structure is agreeing with that of pericarion. The i r substance is loose. 
Fig. 3, Lacer ta avilis. Cerebral cortex. Externa) molecular layer. Ax — axon. D — dendrite, 
V — vesicle, M — mitochondrium. Ad — nxo-dcndrirlc synapse. Iv — invaginative 
synapse, Mb — multivesicular body. Magnified: x 25.000. 
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They arc characterized by the neurotubules located longitudinal ly and trans-
versely, and by micro vesicular bodies. The synaptic vesicles are completely 
missing. The diameter is var iable . The l imiting membrane (dendrolemma) is 
very consipcuous well l imited electron-dense membrane. In the dendroplasm 
there are to be seen sporadical ly major electron-light vesicles too (Fig. 4) , 
Fig. 4. Lacerta agili.s. Cerebral cortex. External molecular layer. Ax — axon. D — dendrite, 
Al — axolcmma, V — vesicle, M — mitochondrium. Er — endoplasmic reticulum, 
Mb — multivesicular body, Ad - - axo dendritic synapse, Si — intersynaptic space, 
Sv — synaptic vesicle, D! — dendralemma. Nt — neurntubule. Magnified: x 25,000. 
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Glia cells 
They arc structurally close to the nerve cells (ROBERTIS, GERSCHENEELD 
and GOMEZ, 1961). In the pcricarion there are t:) be seen about the same cell 
organella as in the nerve cell. Characteristic differences arc manifested in form 
and arrangement of the cisternae of the endoplasmic reticulum. The tubules 
are ramify ing, their course is irregular. Mult ivesicular bodies appear often, the 
number and location of the vesicles differ ing highly. There is a very great 
difference in the arrangement of ribosomes. The latter ones are forming groups 
that are not l imited sharp from one another. Every group has a centre where 
there are more ribosomes, and a peripheral part where the number is strongly 
diminished and the single shapes are far from one another. Sometimes the 
cytoplasm is so much full of ribosomcso that it seems to be a real granulated 
electron-dense substance divided into peculiar pieces by the endoplasmic cis-
ternae and GOLGI'S complexes forming peculiar systems. The accumulation of 
glycogenic clots is characteristic of glia cells. The situation is, namely, that 
glycogen is transported for the nerve cells, res p. neurons by glia cells. 
The nucleus of glia cells is showing, as wel l , some characteristic feature. 
This manifests itself first of all in the fact that the electron density is fa inter 
than in the nerve cells and round the internal nuclear membrane there are no 
circularly located polymorphous electro-dense areas . It is to be considered as 
characteristic, as well , that the nucleus of gl ia cells is long-shaped and the two 
nuclear membranes are verv close to each other. The hernia-l ike protrusions 
that a lways occur in nerve cells can in g l i a cells never be found. 
The glia fibres are as much characterless as the gl ia cells arc . They are 
usually thick, the rami are rougher and the substance within the glia membrane-
is homogeneous. In that, there are to be seen neither any f i laments nor any 
vesicles, although in some cases in the apparently empty substance some vesicles 
of larger dimension can be observed connected with one another wi th thin 
canal pieces. 
Synapses 
The synaptic contacts are characteristic of the cerebral cortex and , within 
it, first of all of the fibrous layers. Their number is general ly high. Four to 
six and possibly more synapses can be dist inguished in each picture. They are 
structurally chemical synapses the components of which are, according to 
PALADE a n d PALAY ( 1 9 5 4 ) , ESTABLE, REUSING a n d ROBERTIS ( 1 9 5 4 ) , PALAY 
( 1 9 5 6 , 1 9 5 8 ) , FERNANDEZ-MORAN a n d BROWN ( 1 9 5 8 ) , ROBERTIS ( 1 9 5 5 , 1 9 5 8 , 
1 9 5 9 ) , LORT.NZO ( 1 9 5 9 ) , ROBERTIS a n d IRALDI ( 1 9 6 1 ) , WHITTACKER a n d G R A Y 
( 1 9 6 2 ) , L o o s ( 1 9 6 3 ) , WESTRUM ( 1 9 6 6 ) , JONES ( 1 9 6 9 ) , t h e p r e s y n a p t i c p l a s m , 
the presynaptic membrane, the synaptic space, the postsynaptic membrane and 
the postsynaptic plasm (Fig. 5). 
The components of the presynaptic plasm arc the presynaptic organel la . 
There belong to t'iem the synaptic vesicles, the mitochondria, as well as the 
neurofi laments and neurotubuli. From among the synaptic vesicles the empty 
vesicles appear in the largest quant i ty . Their size var ies between 250 and 
600 Á. It is interesting that not only the axon terminals are full of empty 
synaptic vesicles but also the parts of axons chat are not in synapsis. 
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Fig. 5. Lacerta agilis. Cerebral cortex. Nerve-fibre layer. Ax — axon, D — dendrite. Al — 
axiilcirma, Dl — dendrolemma, Ad — axo-dendritic synapse. V — vesicle. Sv — sy-
naptic vesicle. Pr — presynaptic membrane. Po — postsynaptic membrane. CI — clus-
ter, M — mitochondrium. Magnified; s 18.000. 
Fullness is singularly characteristic of the cerebrum of this animal. It is not 
excluded, and even it seems tD be probable, that the cause of this particular 
richness is, as a lready mentioned, the strong agil i ty and high sensitivity of 
this animal . If the transmitter material is transferred by the empty vesicles 
then that is natural because they need for the fast movements many stimuli , 
and for releasing the w a y of the impulse conduction depolarizing the post-
synaptic membrane they need much transmitter material . As soon as we have 
fixed the cerebral cortex of the sand-lizard we had the thought that here 
the vcsiclc system must be richer and denser than in other animals moving 
slower and more sluggishly. It is to be mentioned as a peculiarity that that 
some empty vesicles exactly of the same appearance as that of those f i l l ing 
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both the terminal and the p r e t e rm ina l regions of axons may be observed 
in dendrites, too, anyway not in large numbers, only in a few cases. And even 
it occurs that these show some groupings in the immediate vicinity of the post-
synaptic membrane. In the presynaptic plasm it is sometimes possible to see, 
apart from the empty synaptic vesicles, electron-dense vesicles of a thickness 
of 1000 A, as wel l . Without going into functional explanations, we have to 
refer to that the dense-core forms occur everywhere and in every axon in 
the animal kingdom, in smaller or larger quantity , both in the synaptic region 
and in the presynaptic axon sections. In connection with the phenomenon, wc 
should like to emphasize only, in addit ion, that the structure of these vesicles 
is the same in the animal kingdom everywhere and in each organ. 
It is mentioned repeatedly that one of the characteristic features of the 
presynaptic protoplasm is that in it the mitochondria accumulate, forming a 
Fig. 6. Lacerta agilis. Cerebral cortex. External molecular layer. Ax — axon, — D — denrite 
V — vesicle. Sv — synaptic vesicle. A d — axo-dendritic synapse. As — spine 
synapse, Pr — presynaptic membrane, Po — postsynaptic membrane. Si — incersynaptic 
space. M — mitochondrion!, Cr — cristae mitochondriales, Mn — mitochondrial 
membranes, CI — cluster. Magnif ied: x 48 .000 . 
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group close to the presynaptic membrane. This statement cannot be referred at 
all to our mater ia l . W e had investigated a great many synapses and found so 
that the number of mitochondria var ied between 0 and 3. Reckoning by and 
large, we have found numbers 0 and I, to be equal the most of them being 
number 1. In a sense l ike this, in our case it is not to be thought of the accu-
mulation of mitochondria. 
In our pictures from among the organella of the presynaptic protoplasm 
the less obvious ones were the fibrous components of the axons, the neuro-
fi laments. In our opinion, the cause of this is to be sought for in the fact that 
the pieces of these fibres arc intermingled among the synaptic vesicles past 
recognition, the latter appearing in every case in very large numbers and 
unusually sharp. 
The presynaptic membrane is an everywhere sharply separated, structurally 
homogeneous membrane. Thickening is a lweys conspicuous. It is generally not 
thick. It is interesting and in our case chracteristic, too, that along a few 
longer presynaptic membranes there are smaller or larger interruptions in the 
thickness d iv id ing the membrane into two or three parts. It is interesting in 
this division that in the presynapse the cumulation of vesicles, the so-called 
cluster is showing a double resp. triple divis ion, as well (Fig. 6 ) . 
The synaptic space is a conspicuous, electron-light substance of the same 
breadth that shows, magnif ied weakly , no division or structure at all. In pic-
tures, however, magnif ied rather strongly, it is full of paral lel ridges perpendi-
cular to the synaptic membranes. According to our observations, it is of the 
same brath in every synapse. In our material , the synapses cannot be classif ied 
on the basis of the synaptic space. 
The postsynaptic membrane a lways shows some fringing towards the post-
synaptic plasm, rcsp. it is not limited towards the central region of the post-
synaptic plasm. In a great part of cases it is thicker than the presynaptic 
membrane (Fig. 7) . This phenomenon was noticed first by GRAY (1959) , in 
the course of investigating the synaptic l inkages of the cerebral cortex. Later 
on, seeing that in a part of the cerebral synapses the synaptic membrane is 
thicker than the presynaptic one, in other ones however the thickening of both 
membranes is the same, he d iv ided the cerebrocortical synapses into two groups. 
He arranged into the first group those with a thicker postsynaptic membrane, 
into the second one those with the same thickening of both membranes. At a 
later date, the former one was named the synapsis of type GRAY I, the latter 
one that of type GRAY II. Both forms were found in our material , too, although 
- after having observed the pictures magnif ied more strongly — it could be said, 
as well , that al l the forms of synapses belonged to the type GRAY I, The si-
tuation is namely in almost every case that the postsynaptic membrane is much 
thicker, darker and the f ring-el ike appendages penetrate deep into the post-
synaptic plasm. In most part of the cases it is so that in both forms of synapses 
one axon is in contact with one dendrite but is occurs, too, and even not rarely, 
that a axon piece is connected with two dendrites (Fig. 5). 
The postsynaptic plasm is showing no peculiarty at all . The empty vesicles 
and the neurotubules do appear sporadical ly here, too, but the former ones in 
an extremely low number. Mitochondria are found in it only occasionally. 
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Axodendri t ic synapses 
In our mater ia] , 95 to 96 and perhaps even more per cent of the chemical 
synapses appera ing extremely sharp and in la rge numbers belong to the axo-
dendr i t ic forms. Their shape and size are highlv d i f ferent . Both are a result of 
meeting forms. There are cases when the svnaptic endings gett ing into contact 
are by a n d large of the same form. The s i tuat ion is, however , genera l ly so that 
the axon terminal is of larger extent than the surface of dendr i te that is 
in contact with it. There occur, anyway , some cases, too, when the dendr i te 
surface is larger than the deta i l of axon. The junctional a v . o i end ing is 
Fig. 7, Loretta agïiis. Cerebral cortex. External molecular layer. Axo-dendritic synapse. A\ — 
axon. D — dendrite. Al — axolemma. Dl — dendrolemma, V — vesicle. Sv .— sy-
naptic vesicle. Pr — presynaptic membrane. Si — intersynaptic space. Pu -— post-
synaptic membrane, Sr — synaptic fringes. M — mitochondrium, Cr —• cris tac mito-
chondrials . Mm — mitochondrial membranes. II — intersvnaptic ridges. Magnified: 
X 100 .000 . 
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usually straight or rounded. In this case, it is embedded in the excavation of 
the dendrite. There arc anyhow also some cases when the excavation is in the 
axon ending and in that is Iving the dendrite ending or some part of the 
dendrite. There are interesting the synapses in which the side of a longer axon 
ending or that of a longer preterminal piece is in contact with a small dendrite 
ending or a preterminal piece of lesser extent of a dendrite. These pictures 
are favourable the opinion that the transmission of stimuli is not limited to 
the endings. That means that in the transmission of stimuli there :an have 
a role from both parts some fibre-regions that are far from the endings. 
A peculiar form of the axo-dendrit ic synapses appearing rather rarely is 
the invaginatcd synapse. It is a form of contacts when we see in the cross-
Fig. 8. Lacerta agtlts. Cerebral cortex. External molecular layer. In vagi native synapse. Axo-
dendritic synapses. Ax — axon. D — dendrite. S — dendrite-spine, M — mitochond-
rium. Mb — multivesicular body. Ad — axodendritic synapse, Iv —invaginative sy-
napse, Cr — cristae mitochondrial es, G1 — glycogen, Magnified: x 25.000. 
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section of a axon the cross-section of a dendrite piece with which the 
axon is forming synapse. But the same axon synaptizes with another 
dendri te piece, as wel l , that ¡5 lying outside the substance of neuraxon. Accor-
ding to our opinion, the matter in question is here an invaginated form of 
synapse that is forming a axon with a dendritic spine. The peculiar pic-
ture is the demonstration of a situation when the knife is cross-cutting a dend-
ritic spine located in the cavity of an axon ending forming a synapse with 
Fig. 9. Lacerta irgjlis. Cerebral cortex. External molecular layer. Synaptic vesicle, diapedesis. 
Ax — axon. D — dendrite, V — vesicle, Sv — synaptic vesicle, CI — cluster, Pr — 
presynaptic membrane. Po — postsynaptic membrane. Si — intersynaptic vesicle dia-
pedesis. Ad — axo dendritic synapse. M — mitochondrium, Cr — cristae mitnehond-
riales, Er — endoplasmic reticulum. Mb — multivesicular body. Magnified: x 25 .000 . 
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the spine. In our picture this would be the central synapse. The other one 4 
that in our case could be said to be a peripheric synapse does exist — as conc-
luded from the situation — similarly between the axon and a dendrite spine. 
That may be concluded, apart from others from the fact, too, that round the 
peripheral synapse, and generally between the axon endings, there is everywhere 
a large number of smaller of bigger dendrite spines (Fig. 8) . 
Like of a peculiarity, we have to speak of an axodendrit ic form of sy-
napses in which in the synaptic space, between two clusters a synaptic vesicle 
of large size is located. The situation is essential ly that the presynaptic memb-
rane is broken and in the space of the rupture, there is a larger vesicle in tran-
sition, pushing before itself the postsynaptic membrane. Supposedly, there is 
here a real diapedesis in the course of which the vesicle gets inside the dend-
rite, We cannot answer the question what is the cause of rhis peculiar phe-
nomenon. It may be supposed that this vesicle of striking size is containing 
another materia l than the lesser ones ranging themselves along the membrane. 
It is, however, possible, as wel l , that it is containing the same material but 
more of it than the others do. At any rate, the phenomenon in interesting, 
the problem needs being c lar i f ied. This synaptic form is characterized, apart 
from the facts outlined above, also by that among the synaptic vesicles forms 
of dense-core type can be observed, as wel l (Fig. 9), 
Axo-somatic synapses 
Apart from the extremely numerous axo-dendrit ic synapses, we have found 
a few forms of synapses, too, where the axon is in synaptic contact with 
the soma of the nerve cell. These usually show the common form but we have 
found some of them, too, that - owing to its pecul iar structure as well as 
to the peculiarity of its supposed function - will take some more explaining. 
In this synaptic form that belongs structurally to type GRAY II, there are two 
subsynaptic membranes parallel with and close to, each other, immediately 
under the postsynaptic membrane. The two membranes surround a narrow 
cavity along the whole length of the contact. One end of the canal is open, 
the other one is leading into an endoplasmic cistern (Fig. 10). The structure 
is unparal le led, unknown in the l i terature. To-day , when there is much dis-
cussion about the place, media and material basis of memory that can be 
seriously in question in this relation, we have the following ideas concerning 
the functioning of this system. Is it true, as said and written, that the basis 
of memory is protein, then our synapse may play the following part. The 
synaptic vesicles lining up along the presynaptic membrane in the axon ter-
minal, with the acetylcholine contained by, resp. connected with, them - if 
that is, indeed, the transmitter in the cerebral cortex - make the postsynaptic 
membrane permeable and then the stimules is transferred to the subsynaptic 
canal, resp. to both subsynaptic membranes. From these it gets to the membrane 
of the endoplasmic cistern where it transmits informations to the ribosomes 
lined up there, then the protein production begins and together with that the 
corresponding change in the situation, quantity and the strength of memory. 
Nobody knows if it is so or not, a t any rate, the idea seems undoubtedly to be 
plausible. That is confirmed by the structure, placing at disposal plenty of 
the supposed morphological bases for adventures of this kind. 
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Fig. 10. Lacerta agitis. Cerebral cortex. Axo-somatic synapse. Ax — axon. V — vesicle. M — 
mitochomlrium, Ad — axu-dendritic synapse. As — axo-somaric synapse. Cyt — cyto-
plasm, Cm — cell membrane, Er — endoplasmic reticulum, Pr — presynaptic memb-
rane, Sm — subsynaptic membrane. Ec — cndoplasmatic cistern. Cc — subsynaptic 
canal, Sv — synaptic vesicle, Ci — cluster, R — ribosome. Magnified: x 48 000 . 
Axo-axonic synapses 
In our material we have met this synaptic form extremely rarely. It oc-
curred general ly in the vicinity of nerve cells where the axon terminals be-
coming very thin form rich groups along the cell membrane. As to the structure 
of these synaptic forms, the situation is general ly that from among the axon ter-
minals running across one another, at the end of one of them there is an ex-
cavation and the end of the other one is rounded. The synaptic vesicles can 
be seen in both axon terminals scattered, sporadical ly in smaller groups dis-
tinctly visible. In the presynapse, the cluster manifests itself in a sharp form. 
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C a p i l l a r i e s 
In connection with the ul trastructure of the cortex we have to discuss 
the structure of capi l lar ies , as we l l , being essent ia l ly the same as anywhere in 
the organism of Vertebrata . Some characterist ics of certain degree can only 
be observed in the shape of the endothel ia l cells and in their connection with 
one another . It may be cal led as a characterist ic , apar t from some others, that 
in the same capi l lary cross-section the endothel ia l cells appear in the most 
various shapes. On their surface, a great number of pecul iar protrusions and hol-
lows may he seen, that arc showing, even in the same picture, a strongly vary ing 
form. The most characterist ic parts of cel ls arc the long processes hanging 
down into the lumen and showing, both in their shapes and situation, a great 
var iety . In the cytoplasm, there are many empty round vesicles, arranged in 
a line. Compl icated tubule systems are formed by the endoplasmic reticulum, 
and the mitochondria are forming groups. The ribosumcs a r e arranged spora-
dical ly into lines, somewhere else they form undef in i te and vary ing groups. 
The nucleus is a long-shaped, electron-l igth body. The chromatin clots form 
sporadical ly loose knots. The nuclear membranes a r e close to each other. The 
basal membrane is showing an obl ique str iat ion. 
S u m m a r y 
As a result of the ultrastructure invest igat ions carr ied out in the cerebral 
cortex of the sand-l izard (Lacerta a gilts L . ) the fol lowing have been es-
tabl ished. 
1. The pericarion of the nerve cells is a narrow cytoplasm border, the 
cell membrane is sharp, the nucleus is big, roundish, the nucleolus is ovoid 
and of cxcentric location. 
2. The cisterns of the endoplasmic ret iculum arc forming branchy systems. 
The vesic le grouping of GOLGI'S complex is richer than the tubular region. 
There are many mult ives icular bodies and ribosomes. Shape and size of the 
cristic mitochondria is strongly changing . 
3 . The substance of nucleus is loose, the chromatin clots are forming dis-
persed, i r regular knots, the nucleolus consists of a l a rge number of small , 
roundish granules . The nuclear membrane is double , the site and lumen of 
the nuclear pores is changing. 
4 . The gl ia cells are structural ly close to the nerve cells. The tubules of 
the endoplasmic reticulum are rami fy ing , the mult ives icular bodies arc frequent, 
there arc many ribosomes and glycogenous clots. The nucleus is longshapcd, the 
space between the nuclear membranes is narrow. 
5. The synapses arc chemical synapses. The components manifest them-
selves completely and in a sharp form. They belong overwhelmingly to the 
axodendri t ic type but a low number of axo-somatic and axo-axonic forms may 
be observed, as wel l . 
6 . There are not rare among the axo-dendr i t ic synapses the invag inat ive 
forms, cither, in which the excavat ion of the axon terminal is forming a double 
synapse, one with the dendr i te spine in it and another with a dendr i te piece 
beside it. 
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7. Under the postsynaptic membrane of one of the axo-somatic synapses 
we have found a subsynaptic canal opening into the cistern of the endoplasmic 
reticulum. The structure, that is new for the l iterature, seems to be usable for 
the analysis of problems connected with the memory. 
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The respiratory organ of the Ephemeroptera larvae , which is suitable for 
the respiratory metabolism of the aquat ic an ima l , consists of tracheal trunks 
branching richly in the body, and of branchial l amel l ae a r ranged on both sides 
of the abdomen. 
The anatomica l observat ions previously reported on the respiratory appa-
ratus of the Ephemcropterac extended to the study of both sections (LANG, 
1 9 1 3 ; SCHOENEMUND, 1 9 2 9 ; LANDA, 1 9 4 8 ) . In a d d i t i o n to t h e mac ro scop i c 
descript ions there are also important papers seeking phylogenetic correlations 
between the ind iv idua l groups of the Ephemeropterae on the basis of the de-
velopment and state of the respiratory organ and other systems (nervous sys-
r em, M a l p i g h i a n t u b u l e s ) (LANDA, 1 9 4 8 ; LANDA, 1 9 6 9 ) . 
The pa i red branchial l amel lae , which are s i tuated on the 1st—6th ab-
dominal segments, a re character ist ic generic features . 
The present paper dea ls with the structures of the tracheal gil l of a single 
species, Palingenia longicattda OLIV., with part icular regard to the electron-
microscopic structure. 
Ma t e r i a l s and M e t h o d s 
May-fly larvae were £< illetted from the Szeged reaches of the rivers Tisza and Maros. 
After collection the material was fixed appropriately for light and electron-microscope studies. 
Af ter Benin, Carnoy arid formalin fixation, sections either staioed with haematein-eosin 
or impregnated with silver were prepared for light microscope histological observations. For 
the elect run-micro scope studies, excised tracheal hraochial lamellae or their filaments were 
treated with 2 % glutaraldehyde adjusted to pH 7.6 with 0 . 15 M phosphate buffer, and then 
for 2 hours with Palade fixing solution (l*/o OsO.t in veronal acetatc buffer (Pease, 1964) , 
and embedded in Durcupan ACM (Araldite) resin after dehydration in an ascending alcohol 
series. The material was checked by examination of semi-thin sectinns, and the positions of the 
tine sections determined. The thin sections were contrasted with a lead citrate solution prepared 
according to REYNOLDS (1963). Photographs were prepared on Tesla BS 242 D and J E M 
100 B electron-microscopes. 
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A b b r e v i a t i o n s 
F = filament M = mitochondrium 
Ct = connective tissue Go Golgi apparatus 
cf = interstitial bundles N = nucleus 
tr trachca GER = granulated endoplasmatic 
K = chitin r ribosome 
Fig. 1 Longitudinal section of the large tracheal gill. 
In the lamella, interstitial cells, interstitial fibre-bundles and small tracheal branches are 
visible, which enter the filaments. The surface of the filaments is covered with homo-
genous material (arrows), s 380 
Fig. 2. Longitudinal section of filaments. Cross- and longitudinal sections of the tracheae can 
be seen inside the filaments, x 340 
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R e s u l t s and d iscuss ion 
A n a t o m y o f t r a c h e a l b r a n c h i a 
The members of the pa i red branchial l amel l ae of the mayf ly l a rvae arc 
of d i f f e r e n t shapes a n d sizes (LANG, 1 9 1 3 ; SCHOENEMUND, 1 9 2 9 ; UJHELYI, 
1959). The smal le r are more rounded and nearer to the dorsa l s ide of the ab-
domen than the longer, larger ones. Ventra l ly from them is a further densely 
pi l iated chit inous lamel la , but this does not par t ic ipate in the gaseous exchange. 
The tracheal gi l l of Palingema longicauda OLIV. a re structured, but this 
structuring does not result in a symmetric a r rangement on the two sides, for 
the f i l aments in the structuring are thinner on the side farther from the sur-
face of the body and follow each other densely in a double line, in contrast 
with the oposite side, where the f i l aments a r c larger and arranged in a 
single row. 
Along the entire length of the centre of every branchia] lamel la runs 
a thick t rachea ! branch, wich or ig inates from the visceral tracheal trunk in 
the body of the larva . 
This main branch d iv ides into thinner and thinner branches, and thus the 
entire branchia l l amel lar a rea is covered by a network of tracheae of var ious 
d iameters result ing from the g radua l ramif icat ions . The main tracheal trunk 
can read i l y be seen with the naked eye to be accompanied by a pigment layer , 
the thickness of which is not uniform in the region of the two lamel lae . The 
pigment l ayer is thicker and denser for the larger lamel la than for the smal ler 
one. The amount of the pigment l ayer progress ively decreases towards the tra-
cheal g i l l s t ips, and f ina l ly d i sappears completely . Bes ides this, vary ing num-
bers of sensi l lae can be observed on the tracheal gi l ls , and as descr ibed by 
EASTHAM (1936) for Caenis macrura and Caenis boraria they also d i f fe r 
in form. 
H i s t o l o g i c a l s t r u c t u r e o f t h e t r a c h e a l g i l l 
The branchial l amel lae and the f i l aments are covered from outside by 
epithel ia l cells a r ranged closely bes ide each other (Figs. 1 - 2 ) , one of the w ide 
bases of which becomes progressively narrower towards the inside, whi le at the 
same t ime the neighbouring cells appear as tr iangles of reversed position, since 
they proceed with a narrow base (Fig . 3) . Such an ar rangement can be parti-
cular ly wel l seen on the epithel ia l cells in the region of the f i laments (WICHARD 
et a l „ 1971 ) . In addi t ion to this, the very intense interdig i tat ion formed with 
the neighbouring cells is a lso characterist ic . The membranes of the inter-
d ig i ta t ing surfaces are fequcnt ly uniformly thickened on both sides (Fig. 5) . 
On the basis of their own d a t a and also l i terature results on invertebrates, 
SATIK et al . ( 1970) consider the septate junction or the septate desmosome 
and the zonula adherens to be the character ist ic forms of the epithel ia l junction 
structures. They note that there are differences, and that the tight ¡unction too 
occurs for instance. This was described by LOCKE (1965) in the epidermis of 
insects, and by SMITH et al . ( 1969) in epi thel ia l cells of the insect midgut 
epithel and in a certain form of the campaniform sensi l lae . It is str iking that 
s imilar , but shorter, thickened membrane sections arc found on the surface of 
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Fig, 3. Electron-microscope photograph of epithelial cells, x IS) 000 
Fig. 4. Longitudinal section of thin filament. Basal membrane with lamellar structure can he 
seen on the outside surface of the epithelial cells. Sections of the chit in rings are 
visible on the left side of the picture, x 12 000 
the epithel ial cclls adjacent to the basal membrane which will be discussed 
below (Fig. 7), Tlicse may correspond structurally to the hemidesmosomes 
described by BLOOM and FAWCEIT (1970). The basal membrane does not take 
part itself in the thickening. Desmosomcs can be observed only rarely (FATCETT, 
1 9 6 6 ) (Fig. 6 ) . 
The surface of the cells is surrounded by a homogeneous layer which can 
also be studied by light microscope (Fig. l ) , and on this interlacing (parti-
cularly in the region of the f i laments) (Figs. 1 -2 ) or breaks (at the sensi l lae) 
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can be observed in places. The electron-microscope reveals that this homogeneous 
substance is composed of lamel lae 8 0 - 1 0 0 À thick, and depending on the 
thickness of the f i laments the number of l amel lae layered one on the other 
ranges from 2 - 3 to 2 0 - 2 5 (Fig. 4) . This basal membrane also surrounds nerve 
bundles running on the periphery (on the outer edge of the epithelial cells) 
( G U P T A et a l . , 1 9 6 9 ) . 
Fig. 5. Closely ci m netted section of epithelial cells. * 31 0 0 0 
Fig. 6. Dcsmosome between two epithelial cells, x 52 0 0 0 
Fig. 7. Hemidesmosomes between the epithelial cells and the basal membrane (arrows), 
x 1 9 2 0 0 0 
Fig. 8. Haemocytcs with granules of type 1 and 2. x 1 6 0 0 0 
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The nucleus of the epithel ia l cel ls is la rue, and is s i tuated approx imate l y a t 
the centrc. A f e w organel les can be observed in the cytoplasm border ing the 
nucleus. In the entire region of the cells a r e found the short channels of the 
g ranu l a t ed end Op la Striatic ret iculum, with more rarely a para l le l - running network 
of channels and a smooth-surfaced endoplasmic ret iculum. The Golgi appa r a tu s 
is s l ight in extent (Fig . 4 ) , and in general dense mater ia l can be seen in the 
ves ic les : rhe mitochondria are cr istate type. Bes ides these organel les in the 
cytoplasm a large amount of free ri bo some can also be observed. On the 
sections prepared from the thin f i laments only epi thel ia l cel ls can be seen, and 
between them tracheal cross- and longitudinal-sect ions. This structure exhibits 
a iarge degree of agreement with the structure of the branchia of Glyphataelius 
pellucid us RETZ. (Insecta, Tr ichoptera) ( W l C H A R D et a t . , 1 9 7 1 ) . 
If the histological s tructure of the tracheal g i l l itself is examined , then 
connective tissue can be observed below the epi thel ia l cel ls cover ing the lower 
a n d upper surfaces ; this is characterist ic of an extremely loose structure, con-
taining few ce l lu lar e lements and re la t ive ly more interst it ia l f ibres . The f ibres 
are a r r anged in small bundles, some of which frequent ly run from the larger 
tracheal branches to the base of the f i l aments (Fig . 1). 
Between the interstit ial cells and f ibres haemocytcs a re f requent ly to be 
found ; these are recognizable by their typical organel les . It is character is t ic of 
these cells that their nuclei a re e l l ipt ical , whi le in the cytoplasm of the cell 
bodies of var iab le density can be observed, the structures of some of which 
can be c lear ly recognized whereas others appea r homogeneous (F ig . 8) . These 
special organel les can be c lass i f ied according to their structure in types 1 and 
2 of the hacmocyte granules as systematized by SCHARRER (1972) . 
S u m m a r y 
Anatomica l and histological observat ions on the tracheal gill of Palingen'ta 
longicauda OLIV. a r e reported. The studies deal with the structures of rhe 
branchial lamel la and the f i laments . The connective structures of the epi thel ia l 
cells ad their electron-microscope structures arc reported. 
A c k n o w l e d g e m e n t . The authors wish to express their thanks to Prof. F. CUBA. 
Director of the Biochemistry Institute, University Medical School, Szeged, fur his kind per-
mission to use the JEM 100 B electron-microscope. 
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Introduction 
The investigation of the saline waters of the Great Hungarian Plain began 
at the end of last century but in an organized form it has only taken place 
since 1961, under the auspices of the Academy Committe in Szeged, led 
by J . M E G Y E R I ( P O N Y I , 1 9 6 1 ) . The research of these small waters is justified, 
apart from faunistic points of view, by particularly interesting physical, chemical, 
biological connections ( K R E U T Z E R , 1 9 4 0 ) . 
The most important factors that determine their state of being and 
character arc: their small size and periodical character. The other, biotic and 
abiotic, effects that influence one another in a complex way and jointly induce 
the fauna characteristic of the saline waters, ensue from those. 
The smaller a water unit is, the more determinative the s i n g l e factors 
(chcmical, climatic, physical, biological, etc.) become. It is not our aim to force 
these small water units, that are so interesting owing to their variability and 
plasticity, into a rigorously stereotyped form; we arc rather endeavouring to 
recognize their fundamental regularities: all the same, some degrees of the 
„saline" character can be recognized on the basis of the zoobenthos investigations. 
Methods 
The samples were taken from three ..lakes", from open water, and from near the shores, 
from among the vegetation, in about 2 0 0 cm3 units. They were hand-selected af ter being rinsed 
through a metal sieve of 0 .25 x 0 ,25 mm meshes. Then the animals were f ixed in £E°.o formalin. 
Characterization of the collecting stations 
They are generally shallow waters (from a few cm to a depth of 1.5 m) 
of lesser extent (0.5 to 1.5 sq.km), that are in the main astatic, but in winter 
sometimes frozen to the bottom. The pH of the water varies between 8.2 and 
!0.2, according to the degree of desiccation. The quantity of water depends on 
the precipitation and the evaporation. Cation types: Na-Mg, anion types: 
C03-HC0i{. The shores arc generally overgrown in a 1-2 m broad strip with 
higher-order vegetation (reed, sedge, etc.) and farther in, even some sub-
merged vegetation may be found sporadically. 
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We carried out seasonal collections from 1965 until 1967 in the following 
saline waters: „lake" at Öszeszék and Pusztaszer — on ten occasions, „lake" 
at Kakasszék — on nine occasions. 
As regards their origin, these saline .Jakes" belong to two types ( A N D Ó , 
1966): those developed in an ancient river bed (e.g. Kakasszék) and those 
originating in deflated depressions (e.g. öszeszék, Pusztaszer). 
L a k e a t O s z e s z e k 
The water is a maximum of 1,5 m deep; in the places investigated it was 
a minimum of 2-3 cm, and a maximum of 90 cm deep. It newer dries up 
completely; even in warm summers without precipitation there is a water 
coverage of 10-20 cm. At the shores, in a 50-150 m broad strip, there was 
Phragm'ttes—Carex association, and in the open water Potamogeton. Ceratophyl-
tum and Cbara ¡r a gills were to be found. The substratum is sandy clay. The 
water is clear, and relatively well transillumlnated. The sodium content of the 
water is moderate compared with other saline waters. Water pollution: HI. 
In the material of the total of 24 collections 7616 individuals were found. 
The percentage of the taxonomic groups is shown by Fig. I. The guantitative 
and qualitative abundances of the lake are shown unequivocally. This can be 
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Fig. 1. LK/cs/ck: D values of the /oobcnihos raxonomic groups 
1 : overall dara 
2 : no vegetation: open Water fauna 
3 : rich in Vegetation; litoral fauna 
D : Díptera, T : Trichoptera. C : Coleupiera, He: Hetcroprcra, O: Odonata. E : Hphe-
meroptera, Cr ; Crustacea, Mt Molluscs, O l : Oligochacta, Hi: Hirudinoklea, Tr: Trematoda, 
N: Netnatoda 






















E F I - I 
D T C 0 E M 0 I H 
Fig. 2. Kakasszck 1: I ! vaI LIC- of the zoobenthos taxonomic groups (others as in Fig. 1) 
L a k e a t K a k a s s z e k 
Its long, narrow bed is divided by a food-path into two parts that do not 
communicate with each other (lake units I and II). In lake II, during the time 
of investigation — about half a year — a duck-farm was established, as a result 
of which this lake was characterized by the presence of abundant, decomposing 
organic matter and by sapropelic silt. 
At the shore-strip of the water that dries up almost fully at intervals 
there arc Phragmites-Carex associations, and only the middle of the bed is 
plant-free. In the parts investigated, the water depth varied between 2 and 
100 cm. The substratum is sandy mud. The water is clear, limpid and com-
paratively well-transilluminatcd. The water is characterized by a very high 
NaHCO;J content. It is extra-class IV, highly polluted. 
Lake No. I: The percentage distribution of the 2769 individuals found 
in 28 bottom samples can be seen for the individual taxonomic groups in 
Fig. 2. 
Lake No, II: The percentage distribution of the 3255 individuals found 
in 26 bottom samples can be seen for the individual taxonomic groups in 
Fig. 3. 
The difference between the two lake units is manifested mostly in the 
1 2 8 M A C I í O L N A F E R E N C Z 
numerical ratio of the Oligochacta. In lake (I (as a result of the duck-manure) 
on the basis of the D-values of this group, this was in the second place for 
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Fig, 3, Kakasszék II: Dvalucs of the zoobenthos taxonomic groups (others as in Fig. 1) 
L a k e a t P u s z t a s z e r ( D o n g é r ) 
In contrast to the above, the water of this lake is troubled, and greyish-
white owing to the large mass of floating matter; it is less transilluminated. 
From time to time it dries up fully (summer drought). It is markedly of astatic 
type. It is the shallowest of the four lakes, its maximum depth being 50 cm. 
Its shore is sporadically dotted with a thin vegetation (Carex, Elocbaris), with 
much Nostoc among the plants and farther in. The substratum of the open 
water is naked, consisting of clayey sand. It is a typcila saline water, charac-
terized by a high soda content. It is extra-class IV, highly polluted. 
In the material of the 26 collections the percentage distribution of the 
5433 individuals according to taxonomic groups is shown in Fig. 4. The 
dominance of Diptera is the highest here; the D-values of the other taxons, 
however, are very low (being in this respect similar to the lake I, Kakasszék), 
except for Nematoda, found only here in larger numbers. 
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Evaluation oí results 
Tlic very high D-value of Diptera agrees in all the four lake units in-
vestigated, and this in valid generally for the saline waters in this country, 









Fig. 4. PusztQ&zcr: D values the 7<H>bcflth<>S raxonomkal groups (others as ¡0 Fig. 1 
Considering the shore strip that is very rich in vegetation and the generally 
naked substratum of the open water (according to the fact and degree of 
their being stocked), we see that, on the one hand, in the fauna of the sub-
stratum in the open water the dominance of Diptera is still more marked; 
on the other hand, the members of more taxonomical groups live among the 
plants (Figs. 1—4, and Table). Where the higher-order vegetation is negligible 
(Pusztaszer), there is, of course, no considerable difference in the fauna of the 
middle water and that close to the shores. 
The qualitative and quantitative seasonal change in the ZOO benthos fauna 
is indicated by the autecology of the species. In the case of a larger water of 
permanent character the change in seasons makes its influence felt in only 
a roundabout way, but for small waters it can have a direct and fundamental 
effect upon the life of the species living there (e.g. if the water has dried up 











D T C 0 E M 0 1 H 
130 M A C I í O L N A FERENCZ 
Fig. 5. Seasonal variations in the important taxnnomic groups at Oszesztk 
l r Chironnmitlac, 2 : Ccratnpognnidae, 3 : other Diptera, 4 : Trichoptcra. rj: Coleopteta, 
6 : Odonata. 7 : Ephemcroprera, 8 : Mo I lu sea, 9 : Oligochaeta 
under extreme conditions like these. In addition, we must consider some other 
abiotic factors, too, given by the shallowness and relatively small extent of 
the saline waters, which exert a stronger cffcct on their life, e.g. the great 
annual and daily fluctuations in temperature, the relatively larger amount of 
the mass of deposits as compared to the mass of water, the precipitation and 
evaporation, as well as the more immediate influence of the terrestrial en-
vironment, etc. 
The seasonal changes in the zoobenthos populations do not show an 
unequivocal picture about the character of saline waters, or the water type 
itself. A cause of this may possibly be the uosatisfactory number of samples, 
and their disproportionate distribution according to the seasons, too. It must 
be mentioned, however, that the resulrs of investigations of a similar character 
in rice-fields ( K O W A L S K I , 1 9 6 4 ) were similar and that these biotops provide 
in many respects similar conditions for the benthos fauna, reminiscent of saline 
waters. 
The desiccation and drying up in late summer and early autumn results 
in the decrease of the individual number of taxonomic groups, except for 
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Diptcra. The prominence of the D-value of Ceratopogonidae (except in Osze-
szek) in this petiod, when they gave for instance about 95 per cent of the total 
individual number in the samples got from the wet mud, is particularly striking. 
The results of the zoobenthos investigations of saline waters in the Hun-
garian Plain therefore indicate that the major part of the species living here 
(Ceratopogonidac, Chironomidae) show a preference for these water types, 
being able to accommodate themselves in a high degree to the astatic conditions 
that arc characteristic of these waters. 
The dominant group of the saline water at Kunfeherto, that is similar to 
the salt lake at Oszcszek, is the Chironomidae; and in the saline water at 
D-valucs of Diptcra groups in the individual saline waters: 
Oszcszek Kakasszck I. Kakasszck N. Puszmszcr 
Chironomidae 85,8 
Cctalopogonidac 7,7 
nthcr Diptcra 6.4 
78.7 78.1 59.0 
17.1 20 .0 39 .5 
4,1 1-8 1.4 
Fig. 6. Seasonal variations in the important taxonomical groups at Kakasszck I (others as in Fig. 5) 
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Fig. 7. Seasonal variations in the important taxonomical groops at Kakasszck [I (others as in 
Fig, 5) 
Kardoskut that, similarly to the water at Pusztaszer, has a more saline character, 
the dominant group is the Ceratopogonidae. 
It seems that in the majority of cases the members of the groups Cerato-
pogonidae and Chironomidae complement one another in respect of amount. 
The maximum of the Ceratopogonidae is usually in autumn, in the case of 
decreased water and high pH (10-10.2). The maximum of the Chironomidae 
falls in spring (Kakasszek, Pusztaszer), or in autumn (Oszeszek). 
In samples collected from below the ice, the richness in fauna of the 
biotops lying close to the shores and abundant in plants does not differ con-
siderably from the others (Oszeszek). The plant-free substratum of the frozen 
lake at Pusztaszer, on the other hand, showed under similar conditions low 
quantitative and qualitative results of the zoobenthos. 
The Oligochaeta, that arc generally one of the most populous groups of 
the bottom fauna of the rivers, form only a very low percentage of the sub-
stratum fauna of saline lakes: 
ZOOBENTHOS INVESTIGATIONS IN THE SALINE WATERS 1 3 3 
Kakasszék I,: 0.1 (Tubificidac: 1 0 0 •/•) 
Kakasszek 11.: 2 .8 (Tubificidac: 9 7 . 8 7 '/o. 
Naididac: 2 . 1 2 •/») 
Pusztas/cr: 0 .4 (Enchyrraeidac: 1 0 0 V t ) 
Öszeszck: 3 .1 '.Tubificidae: 9 0 . 8 7 '/« 
Naididae: 1 . 2 4 n/o 
Encbytraddae: 6 .22 •/« 
Lumbricidae: 1 . 6 5 % ) 
The distribution of Oligochaeta in the three saline waters 
öszeszek : 6 6 . 0 2 °/u 
Kakasszek 2 6 , 5 7 % 
Pusztaszer: 7 . 3 9 A/O 
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Taking in to consideration both the individual and the species numbers, 
the characteristically sodic Pusztaszer lake is conspicuous with its low values. 
Comparing this facts with the Ceratopogonidae group, showing a maximum 
D-vaiue at tbc same place, the change in the ratio of the two taxonomic groups 
brings about the order of sequence of the saline lakes. This sequence, in the 
proportion of increasing sodification is: I. Öszeszek, II. Kakasszek, III. Puszta-
szer. 
The species of the Tubificidac família, with the highest individual number, 
are distributed in-the following manner: 
Öszeszck Kakasszek 
Umnodrilus ;tdekemiatmi CLAE\ 
Umnodritus daparedeams RAT. 
Ttebi/ex tubifex MÜLL. 
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Limnodrilus udekemianits, that gave 63.S3'Vo of all the Oligochacta, is 
doubtless the leading species of the saline-dwelling Annelida. Studying its 
autecology ( K E N N E D Y , 1966; S Z C Z E P A N S K I , 1953), it can be established that 
the limit of its tolerance towards the different kinds of water and substrata 
is very broad — curyvalent. According to the data of the literature and to my 
own observations, as well, however, the substrata of the waters that arc richer 
in organic matter are preferred by the individuals of this species. For instance, 
1 3 4 M A C D O L r i A FERENCZ 
Fig, 8. Seasonal variations in the important taxonomies I groups at Pusztaszer 
1 : Chironomidae. 2 : Ccratopogonidae. 3 : other Diptera, 4 : Trklioprcra, 5 : Coleoptcra, 
6 : Mollusca, 7 : Oligochaeta. 8 : Ncmatoda 
at Szarvas (Institute of Fishculture) in the water of a shallow drainage ditch 
conning from a duck-pond (brought about in connection with duck breeding) 
they showed maximum D-valucs, too. It must be noted that in lake II at 
Kakasszek the individuals of this species were again dominant, giving about 
80 °/o of all the Oligochaeta individulas there. And 72 °/o of the otherwise rich 
and variegated Oligochaeta population at Oszeszek belonged, to this species 
too. At the same place, individuals of this species were collected during the 
whole year, and there were even 61 individuals in a sample from the bottom 
of the frozen lake. 
It is noted here that the individuals of lAmnodrilus udehemianus in this 
water were infected in 20-25 n/fl by a Sporozoa species: Haplosporidium timno-
drilii G R A N A T A whose individuals, that were in various phases of development, 
frequently completely filled the cavity of the posterior body of the infected 
worms. 
Z O O B E N T H O S I N V E S T I G A T I O N S IN THE SALINE WATERS 1 3 5 
Summary 
Evaluation of the results of 3 years' zoobenthos investigations in the saline 
„lakes" of the Great Hungarian Plain has established that in these shallow, 
partly astatic waters the Díptera taxonomic group is unequivocally dominant. 
The species of the Ceratopogonidae and Chironomidae appear generally to 
complement one another quantitatively. The most extreme, plantless, typical 
saline (natron) waters are characterized by the dominance of Ceratopogonidae, 
and the subdominance of Nematoda instead of Mollusca. At the same place, 
the Oligochaeta are represented exclusively by the Enchytraeidae family. The 
saline waters containing higher organic-matter pollution, and those richer in 
vegetation, on the other hand, are characterized by Tubificidae, and within 
these the Limnodrilus tidekem't anus C L A P , The seasonal changcs of the zoobenthos 
are not characteristic and not unequivocal. The fauna of the beds rich in 
vegetation, however, is always more abundant. 
Tabic 
Taxonomic öszeszek Kakasszék 1 Kakasszék 11. Pusztaszer 
groups a. b. a. b. a. b. a. b. 
D . + + + + + + 
T. + -j- -1- + + + 
C. + + + + + + + 
He. + + 
O. + + + H- 4- + + 
E. + + • -b + 4 -
Cr. + 
M, + + + — + + + 
Ol. + + + + + + + + 
Hi. + + 
Tr. + 
N. + + + + 
. —1 open water. no vegetationJ. b. = litoral. with vegetation; 
D. = Díptera ; T, = Trichoptera; C. — Coleóptera; He. = Heteroptera; O. = Od on,! ta ; 
E. == Ephemeroptera; Cr = Crostacea; M = Mollusca; Ol. = Oligochaeta; Hi. = Hiru-
dinoidea; Tr. = Trema tuda; N. = Nematoda. 
Species: öszeszek Kakasszék Pusztaszer 
Díptera: 
Corethra plumicornis FAB, + 
Culex hortensis Fic. + 
Culex pipíení L. + 
Doltcbopus sp. — 
Eristalis tenax I.. + 
Stratiomyida sp. 
Tabanida sp, 
Tipulida sp. *+" 
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S pet i es: ÖíicSít'k Kakas szék Pusztaszer 
Trieb optera 
Atbripsodes uterrimus STEPH. + 
Limnepbiius !unatus CURT. + I* 
Limnepbiius int ¡sus CURT. 
Limnepbiius xantbodes MCLACH. + + 
Oecelis tűrve RAUB + 
Oecetis ¡acustris PICT. + 
4-
Coleóptera 
Agabus biguttatus OLIV. 4-
Berosus spinosus $TEV. + • 
Bidessus «ertúrms FABR. + + 
Coelambus parallelogrammus AHR. 4-
Ctitymbetes fuscus L. + 4 -
Cy bist er lat er i mar ginalis DEG. + 
Cypbon variabilis THUN. 
Dytiscus marginális L. 
Enocbrus melanocepbalus OL. + 
Halipluf fulfils FAHR. 4- 4* 
llaliplus cottfinis STEPH. + r 
HypbydrUS ovatus L. 
flybiiv •ubisneus RRICHS. 
Laccopbylus obscurus PANZ. 4-
Limnius troglodytes GYLL. "I- -R-
Noterus ctavicornis DEC. + 
Not ems crassicornit MULL. 4- + 
Octbebius impressus MARSH. +• 




Cloeon dipterum L. 
Crustacea 
Ase/tus aquaticus L, f-
Mollusca ( + ) 
Anisas fpirorbis L. +" 
C bond rula tri dens O.F.M, +" ^ 
Helicopsis striata O.F.M. . 
Planorbis rpirorbis L. 
Pupil/a toeisica Loz. 
Segmentina nitida O.F.M. — 
Succinea. oblonga DRAT. 4 
Truncetellina cytwlrica FÉFT. 
Vallonia costata M. 
Vallonia enniensis GREUL. 4" 
Vallonia pule bel I a M. 
Vertigo pygrnaea DRAP. 
Hir u d i ti o idea 






( + ) Je t , : Dr. A. RICHNOVSZRY. 
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THERMOREGULATION IN THE NEST OF FORMICA 
PRATENSIS RETZ. (HYMENOPTERA: FORMICIDAE) 
L . G A L L É j r . 
Department of Zoology, Attila József University. Szeged 
(Received July 31 , 1 9 7 2 ) 
The first data on the thermoregulative function of ant nests were published 
by H U B E R (1820), and then on the Formica species, by S T E I N E R (1926), K A T O 
(Í939), S C H E R B A (1962), and K N E I T Z (1969a, b). Apart from a datum of 
K N E I T Z (1969b), no literature reference is known to the nests of Formica pra-
t en sis. 
The investigation of the nests of Formica pratensis was carried out in the 
clearings of a lowland wood of sandy soil. The biotop is of an extreme micro-
climate. The thermoregulation of the nests is therefore absolutely ne:essary in 
the active season for the survival of the Formica pratensis, which has a com-
paratively limited ecological amplitude. 
Methods 
The temperature of the nests built of vegetal parts was measured at a depth of f i ve cm. 
At the same time, the soil temperature and the air temperature at grass level were also 
observed. The site of investigation: the ant nests in the Aslragalo-Festueetum suUatae and 
¡•'estiicetunt vaginatae spots of the Emlékerdő at Asotthalom (in the vicinity of Szeged). Da te : 
1 9 6 6 (the complete season), 1 9 7 1 (July), and 1 9 7 2 (from March until June). Material u£ the 
investigation: seven nests in 1 9 6 6 . twelve nests in 1 9 7 1 — 7 2 . 
Results and Discussion 
I. S e a s o n a l c h a n g e s in t h e n e s t t e m p e r a t u r e 
The thermoregulation of the nests is manifested in a temperature which 
as a rule, considerably exceeds those of the soil and the air. Similarly to the 
results of S T E I N E R ( 1 9 2 6 ) and S C H E R H A ( 1 9 6 2 ) , in the cold winter months was 
observed no thermoregulation. However, neither was observed the Winter tem-
perature inversion described by S C H E R B A ( 1 9 6 2 ) . In early spring, the average 
nest temperature relating 2 °C was 8 °C. In the course of the subsequent rise 
in spring temperature the difference between nest and soil temperatures inc-
reased rapidly. The higher spring temperature and the large humus content 
compared with that of the adjecent sandy soil result in a vegetation that is 
very vigorous and much higher than that of the enviroment round the nests. 
As a result of the shading effect of this developed plant wreath, the tempera-
ture of a large part of the mound does not exceed 30-35 °C even on warm 
HO JR. L. GALLT 
summer days. At the same time, the temperature of the centra] part, exposed 
to the direct radiation of the sun, may approach 50 C (e.g. July 1966). 
Under such circumstances, both the workers and the sexed ants stay at the 
depths of the nest, or at the cooler, shady parts of the mound. 
-1 1 P r 1 1 , , 1 T T- — 
2 4 6 & 1 0 12 1 4 16 1 8 2 0 ? ! H O U R S 
Fig. 1 . Diurnal change in the temperatures uf ncst.s (1), soil (2), and air (3), 31 May 1072. 
2. D i u r n a l c h a n g e s in t h e n e s t t e m p e r a t u r e 
Between 29 May and 1 June 1972 the daily changes in the temperature, 
its fluctuations and night minima were recorded. The temperature values ob-
served for a clear day of adequate radiation (31 May) arc given in Fig. 1. 
It is characteristic of the nest temperatures that they are considerable more 
staedy than the those of the air but more extreme than the temperature profile 
of the soil. On the dear, precipitation-free days of observation, the nest tem-
perature did not fall below 25 °C and the maximum observed was 35.4 °C, 
meaning a fluctuation of not more than about + 5 "C round the 28-30 °C 
that is optimum of the ants. 
The average nest temperature, 29.75 °C is considerably higher than the 
daily mean temperatures of the soil (16.43 °C) and of the grass level (19.17 ~C), 
the latter approaching the nest temperature at noon. 
3. R e l a t i o n b e t w e e n t h e t e m p e r a t u r e s of 
t h e n e s t s a n d t h e e n v i r o n m e n t 
The thermoreguletion ensures the relative independence of the nests from 
the environmental factors, as well as the most appropriate milieu oecus for 
the ants but, at the same time, the nest temperature to a certain extent follows 
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i-'ig. 2. Relation *>f the nest temperature with that of the soil. 
30 Soil °C 
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y . I550+0599X 
5 10 15 i 0 25 30 Cross Kveinir'C 
Fip. Ü. Relatioo between the temperatures of nests and grass level. 
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the changes in the environmental temperature. The changes in the nest tem-
perature arc correlated to the temperatures of soil (r = 0.6725) and air (r — 
0.6811) (Figs. 2 and 3). 
The thermoregulative mechanism can be explained in that the insolation 
rays are absorved more by the surface of a loose nest made of vegetal parts 
than by the solid soil. This explanation is also supported by the fact that in 
rainy, cloudy weather the thermoregulation is smaller. In the case of Formica 
pratensis, the ant activity has no role in the development of a favourable tem-
perature other than the building of the nest. 
Summary 
1. The temperature of the nest of Formica pratensis R E T Z , exceeds the 
temperature of the environment in the active season, in this way ensuring op-
timum conditions for the ants. 
2. Thermoregulation is ensured by a particular nest building, 
3. The excessive warming up of part of the nest is impeded by the „ant-
bush" developed round the nest. 
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EINDRINGEN SOLITÄRER HYMENOPTEREN 
IN DAS NEST FREMDER ARTEN 
(FAM.; EUMEN1DAE, SPHECIDAE, MEGACHILIDAE) 
L . M Ó C Z Á R 
Zoologisches Instituí der Attila Józse/ Universität, Szeged 
(Eingegangen 6, 25, 1973) 
Die Benützung verlassener, in der Regel älterer Nester durch Hymenop-
teren für ihre eigene Brut gehört ebenso nicht in den nachfolgend zur Bespre-
chung gelangenden Themenkreis, wie auch der Einbruch von Parasiten in das 
Nest ihrer Wirte nicht behandelt wird. Gelegentlich andauernder Beobachtung-
en wird nämlich zuweilen die Erfahrung gemacht, dass ein Nest, das noch als 
bewohnt gilt, oder bloss während 1 2-2 Tage lang verlassen ist, doch durch 
fremde Hymenoptercn in Besitz genommen wird, die dort dann kürzere oder 
längere Zeit hindurch ihre Tätigkeit ausüben. In solchcn Fällen sprechen wir 
von gewaltsamer Eindringung, Raumusurpation, 
Vereinzelte Beobachtungen diesbezüglich wurden durch BISCHOFF (1927). 
REY (1946), M I C H E N E R (1958) und durch den Autor selbst (1961) veröffent-
licht. Nach eigenen Beobachtungen ( M Ó C Z Á R , 1961) drang Trypoxylon f'tgtdus 
L . in das noch bewohnte Nest von Odontomerus d. defiendas ( SAUNDERS ) und 
geriet mit dem Wirt nach dessen Rückkehr in Rauferei, schliesslich blieb aber 
doch Trypoxylon im Nest und setzte dorr seine Tätigkeit fort. In derselben 
Abhandlung ( M Ó C Z Á R , 1961) wurde die spezielle Verwendung der stummcl-
haften Flugröhre von Paragymnornerns spiricornis ( SP INOLA ) durch Anthophora 
parietina var. fttlvocinerea D O U R S mitgeteilt. In diesem Falle verscheuchte die 
zeitiger nistende Anthophora den Paragymnornerns, oder drang in das Nest 
unmittelbar nachdem sich der Wirt entfernte und baute in eigenartiger Weise 
auf die stummelhafte Flugröhre ihres Vorgängers ihre eigene. 
Die zwischen dem 21. Juni und 16. Juli 1971 auf der tihanyer Lösswand 
angestellten Beobachtungen lieferten neue Angaben zur Kenntniss der Beset-
zung fremder Nester. Diesmal wurden mit Hilfe einer Kombination von ver-
schiedene, farbigen Merkzeichen 109 Paragymnornerns spiricornis ( SPINOLA ) Nes-
ter und 53 tätige Wespen markiert. Ein Grossteil der Beobachtungen wurde an 
den günstigen Tagen (5-7 Juli, Minimum von 14-19 °C, Maximum von 35-
38 ° C ) durch den Verfasser und seine Mithelfer dr. L. G A L L É , Frau dr. B. 
H A J Á S Z und M. K Á L M Á N auf Magnetophon festgehalten. Somit konnte ein um-
fangreicheres Material für die Auswertung zusammengebracht werden. Hier 
werden nur die zwischen fremden Arten festgestellten Erscheinungen bespro-
chen. Die Aufzählung der einzelnen Dctailangaben und der Beobachtungszeit-
punktc weglassend beschränken wir uns auf die Mitteilung folgender Erschei-
nungen. 
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Nest Nr. 2 3 von Paragymnomems spiricornis ( S H N O L A ) . Am 2 8 . 6 . 1 9 7 ! 
fanden wir die Wespe noch in ihrem Nest. Am darauffolgenden Tag drang 
jedoch eine - nachträglich ebenfalls markierte - Osmia adunca PANZER in das 
Nest ein. Letztere wurde zwischen den 30. 6. und 7. 7. - mit Ausnahme von 
drei sehr kühlen und windigen Tagen- in 56 Fallen in dem Nest beobachtet. 
Am letzten Beobachtungstag verfertige O. adunca PANZER seine Brutkammer 
und verschloss sie gründlich mit einem Kotpropfen Noch am selben Tag be-
gann Osmia die Flugrohrc Nr. 37 von Odontodynerus zu hc fliegen. Uber ver-
schiedene Verfahrensweisen dieser Alt im Nestbau berichtet übrigens auch 
BISCHOEE ( 1 9 2 7 : 2 3 3 ) . FRIESE ( 1 9 2 3 ) fand sie in einem Antbophora-Nest. Das 
sonderbare befindet sich in unserem Falle darin, dass sich die Osmia, obzwar 
das Nest von dem Wirt erst kaum vor einem Tag verlassen wurde, dort be-
reits ansiedelte. Das Einnisten von Osmia kann jedenfalls auch als Raumokku-
pation bezeichnet werden. 
Nest Nr. 3 7 und 1 0 8 von P. spiricornis ( SP INOEA ) . Diese Wespe haben 
wir 33 Tage (von 21. 6. bis 23. 7. 1971) hindurch auf der Lösswand gefunden 
und die Tätigkeit der Wespe 10 Tage hindurch beobachtet. Im Nest 37 be-
tätigten sich während 1 0 Tagen vier Wespen und eine Osmia adunca PANZER. 
Am 6. 7. und 7. 7. nachmittags betätigten sich zugleich zwei Tiere, ja am 6. 7. 
nachmittags befanden sich abwechselnd sogar 4 Wespen in dem Nest. Am 6. 7, 
nachmittags hat wahrscheinlich der Nestbauer eine gelbe Afterraupe hinaus-
geworfen, nachdem die Wepc einen Fremden witterte in ihrem Nest. Die im 
Nest gleichzeitig anwesenden Wepen wurden in Rauferei verwickelt und woll-
ten einander vertreiben. Zuletzt entfernte sich die kleinere Wespe. Die eigent-
liche Wespe Nr. 37. beobachteten wir zwei Wochen später während des Baues 
vom Nest Nr. 108 (die in das Nest eingedrungene Osmia wurde bereits am 
Ende der vorangehend besprochenen Beobachtungen über Nest Nr. 23. er-
wähnt), 
Nest Nr. 4 0 und 6 5 von P. spiricornis ( S P I N O L A ) . Diese Wespe wurde 1 0 
Tage (von 28. 6. von 7.7. 1971) hindurch auf der Losswand beobachtet, ihre 
Tätigkeit 8 Tage hindurch registriert. Am 28. 6. besuchte Sceüpbron destilla-
torinrn ILLIGER das durch Paragymnomems bewohnte Nest. Sceüpbron destiüa-
torium ILLIGER trug mit den Mundwerkzeugen eine paralysierte Spinne in die 
Flugrohrc, kam dann aus der Röhre heraus und sich am deren Rand umkeh-
rend kroch mit dem Hinterleib voran zurück. (= Eiablage!). Nach 4 Minuten 
später kam Sceüpbron zurück ohne eine Spinne in der selben Zeit wurde er je-
doch durch einen Paragymnomems angeflogen, der den Sceüpbron verschenchen 
wollte. Die beiden Wespen gerieten in Streit, zuerst wich Paragymnomems zu-
rück. dann verlicss auch Sceüpbron die Flugrohrc. Trotzdem bewohnte am 2. 7. 
und 4, 7. Paragymnomems das Nest. Im geöffneten Nest haben wir folgendes 
(erfahren. Die Wespe befand sich 6 cm vom Röhrengrund entfernt mit dem 
Kopf nach aussen. In der Nähe des Ganges befanden sich in der ersten Brut-
kammer die Reste von Anthrenusfrass, in der Kammer darunter lag eine ein-
getrocknete Pupe eines Paragymnomerus spiricornis Männchens. Sie waren also 
Brutkammer aus dem vorhergehenden Jahr und ihre Flugrohrc konnte auch eine 
andere gewesen sein. An dieser Stelle des Ganges habe ich ein aus Zelluloid 
verfertigtes Fenster angebracht, wodurch es mir ermöglicht wurde die Tätigkeit 
der Wespe auch am darauffolgenden Tag beobachten zu können. Nach Öffnuni: 
der sich in der Nachbarschaft befindlichen Kammer, fand i:h dort 6 Neuro-
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Т а f с 1 е г к I а r u n g 
1 . Опта adunca PANZER verfertigte im Nest von Paragymnomems spiricornis (SPINOI.A) ihr 
eigenes Nest und rammt dessen VerschlusstciL 
2. Teilansicht der Losswand zu Tihany, in der Mitte mit einer kleinen Höhlung wo das 
Paragymnomerus Nest Nr. und 40 war . 
3. Die Brutkammer im Nest Nr, 40 nach deren Freilegung. Im Hintergrund ist das alte Scelipb-
roii-Nest deutlich sichtbar. 
4. Die /и den Brutkammern des Nestes Nr . 4 0 führende Gang nach der Verkittung. Der In-
sektcnnadel weist auf die Stelle des Zelluloidfenstcrchens hin. 
toma-Afterraupen, am Ende des Ganges 4 Afterraupen ohne Ei. Die Wespe 
hatte also diese Kammer bis zum Eintreffen der kühlen Witterung noch nicht 
fertig gebracht. Diese Wespe verliess jedoch endgültig ihr Nest am 5., 7. und 
begann mit dem Bau eines neuen Nestes (Nr. 65), in dem sie sich 3 Tage 
hindurch betätigte, die Flugröhre baute und in vier Fallen Afterraupen brachte, 
und baute hier mindestens 4 Brutkammer. 
Zusammenfassung 
Solitäre Hymenopteren dringen auch in die Nester fremder Arten oder 
von solchen die anderen Familien angehören wo sie sich kürzere oder längere 
Zeit hindurch betätigen. Die Gründe für die Eindringung dürfen die folgenden 
sein: 1) Irrtum, weil diese Erscheinung auch bei solchen solitären Arten (z, B. 
Osmia adunca P A N Z E R . Megachiüdae, Scelipbron destillatorium ILLIG). Spheci-
dae) festgestellt werden konnte, die in das Nest einer gemeinschaftlich nisten-
den Art (Paragymnomerus spiricornis S P I N O L A ) eindrangen. Hinsichtlich Scelipb-
ron ist der Irrtum offensichtlich, weil hinter der aufgesuchten Flugrühre sich 
ein Scelipbron-Nest befand, 2) eine gewaltsame Raumokkupation ist ebenfalls 
möglich die durch günstige Umstände wirksam befördert wird. Eindringung 
von Angehörigen derselben Art kann auch aus den oben besprochenen Gründen 
erfolgen, soziale Lebensweise dürfte aber öfters eine solche Erscheinung her-
vorrufen, die dann spezielle Folgen nach sich zieht, ( M Ö C Z A R , 1972). Im Falle 
gewaltsamer Eindringung kommt es mehrfach zu einem Kampf zwischen den 
Beteiligten und entweder zieht sich der schwächere Partner zurück, oder treten 
beide Tiere den Rückzug an und suchen eine andere entsprechende Stelle für 
ihre Brutkammer. 
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MICROCLIMATE AND THE ACTIVITY OF PARAGYMNOMERUS 
SPIRICORNIS {SPINOLA) {HYMENOPTERA: EUMENIDAE) 
L . M Ó C Z Á R , M . A N D Ó a n d L . G A L L É 
Department of Zoology; Department of Geography, Attila József University, Szeged 
(Received May 25, 1 9 7 2 ) 
It v/as found during the contiguous observation since 1 9 3 9 of the wasp Paragymnomenti 
spirieornis (SriIs.) that the specimens were act ive preponderantly between 1 1 a.m. — 5 p.m., 
in the months June—July , on the loess wall below the Csúcshegy of the Tihany Peninsula. 
The intensity of their activity is closely related to the microclimate. Data concerning the vege-
tation of the loess wall as well as some orienting information on temperature fluctuations in 
front of and on the loess wall were already mentioned in earlier surveys (MÓCZÁR, 1 960J . 
To analyse more thoroughly the connection between microclimate and the activity of the wasps, 
opportunities arose between 2 1 J u n e — 1 6 July, 1 9 7 1 , when contiguous daiiy observations could 
he made (28 J u n e — 7 July) by registrar ins with appropriate instruments — and the help of 
Mrs. B. HAJÁSZ and Miss M. KÁLMÁN — the microclimatic conditions and by marking 109 
wasp nests and 53 wasp individuals with the combinations of variously colored symbols 
(MÓCZÁR, 1 9 7 2 ) , and thus have their activity fol lowed in minute details. 
The climate of the Tihany peninsula shows warm temperate continental 
features. The main temperature nf the warmest month is 21,5 °C, that of the 
coldest -1 .5 °C. The peninsula belongs to that part of the Balaton Plateau 
where the number of clear (sunny) hours is about 1900-2000 per year. 
Concerning the annual distribution of the period of sunshine, the mini-
mum (60-70 hours) is in January, the maximum (290-300 hours) in July; 
its temporal distribution is closely connected with the clouded or unclouded 
state of the sky and not with geographical latitude. Clear conditions are en-
countered especially in July-August {30-40% clouded sky), a situation equal 
with the most sunny areas of the Great Hungarian Plain, In tbc areal situation 
of sunshine and solar energy, the physiogeographical configuration and ex-
position are important factors; is was established in our earlier investigations 
(A\DÓ, 1959) that especially the southern, southeastern, and southwestern in-
clinations receive a considerable amount of light and energy. 
In the formation of the local climate, the immediate environment and 
a rich physiogeographical facics are determining features. With regard to the 
distribution of temperature and precipitation, the mountains are generally colder 
and richer in precipitation than the intra montane basins. The multiannual mean 
temperature value of the closed basin of the peninsula is about 10-10.5 °C, 
whereas that of the foothills fluctuates between 9.5-10 °C. The temporal 
distribution of precipitation evolves also in accordance -with the typically warm 
continental character of the climate. Together with the early summer maximum 
(60-70 mm), the peninsula receives only an annual 600-650 mm of precipita-
tion. The main winds carrying rain have a NVV to W course. As to the multi-
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annual average, this is the dominant wind direction in the area, though winds 
from the west to southwest prevail by the autumnal months. This latter pheno-
menon also evinces Mediterranean effects. In anticyclonal situations a local 
aerial circulation develops between the water surface and the dry land, a phe-
nomenon considerably influencing the evolvcmcnt of local climate and micro-
climate. 
The observable: activity of the wasps extends to only a part of the sum-
mer period, hence we conducted our investigations in the period mentioned 
above and according to the following points of view: 
1. The lieu and exposition of the loess wall as habitat; 
2. the connections of the habitat and the solar factors: 
a. the duration of insolation of the loess wall; 
3. the temperature conditions of the habitat and its environment: 
a. temperature of the loess substrate at depths of 2 and 5 cm; 
b. the changes of atmospheric temperature, maxima and minima; 
c. connections between activity observed per quarter hours and tempe-
rature; 
d. qualitative distribution of the daily activity; 
e. mean period (duration) of daily activity: 
4. Aerial humidity, precipitation and wind conditions concerning the 
habitat its environment; 
5. Summary. 
I. The position and exposition of the loess wall as habitat 
The nesting colony of the wasps is the steeply inclined, caved - in loess 
wall. The average inclination of the surface is between 2 0 - 3 0 ° . In certain cases 
(as also in that of the habitat), very steep declivities, up to a value of 90 
or even more, originated by tectonic movements. The surface erosion of the 
loess wall is not significant owing to its protection againts wind by the con-
siderable forest stands of the immediate neighbourhood. The exposition of the 
habitat slope was in all cases southern to soutwestern: on western slopes few 
and on nortwestern ones no nests were to be found. This is explainable by 
the considerably different light-climatc exposition of the slopes, of which the 
S-SW exposition received the greatest amount of insolation. In the case of 
a 20 °C declivity for instance, light energy and the angle of inclination of 
sunshine are twice as much on a southern to southwestern slope at noon during 
the summer than on a northern slope (ANDÓ, 1 9 5 9 ) , 
The environment of the S-SW loess wall inhabited by the wasps consists, 
phytocoenologically, of steppe swards and karst shrubs (Festucetum sulcata? 
and Cotino-Quercetum); it is owing to this fact ( M Ó C Z Á R , 1960) that the 
wasp settled and breeds on the loess wall, as reported several times in the 
past 34 years ( M Ó C Z Á R , 1939-1972). In Hungary, the wasp nests in one other 
place only, the corresponding slopes of the Mts. Villány, South Hungary; other-
wise the species ranges in the Mediterranean region. 
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2. Connections of the habitat and solar factors 
a. T h e d u r a t i o n of i n s o l a t i o n of t h e l o e s s w a l l 
The southern and southwestern exposition as well as the angle of inclina-
tion of the loess wall assure the obtaining of a considerable amount of light 
and energy. The hourly sequence of magnitude of insolation angle and energy 
values for the horizontal level (calculations in Centra! European Mean time), 
in the period 26 June-8 July, 1971, was at Tihanv as follows: 




4 h 4 8 " 7° 3' 0 . 0 3 6 8 
5 h 4 8 " 16? 35 ' 0 . 1 8 5 5 
6 h 48" 26° 37" 0 . 4 0 0 1 
7 h 4 8 " 36? 5 1 ' 0 . 6 2 9 7 
8 h 48" 46° 53 ' 0 . 8 1 6 1 
9 11 4 8 " 56 3 5' 0 . 9 9 5 8 
10 h 4 8 " 63° 13 ' 1 . 1 1 6 
1 1 h 4 8 " 66° 5' 1 . 1 5 6 
1 2 h 4 8 " 63° 13 ' 1 . 1 1 6 
1 3 h 4 8 " 5 6 ' 5' 0 . 9 9 5 8 
14 h 4 8 " 46° 53' 0 . 8 1 6 1 
1 5 h 4 8 " 36° 5 1 ' 0 . 6 2 9 7 
1 6 li 4 8 " 26° 37 ' 0 . 4 0 0 1 
1 7 h 4 8 " 16"'35' 0 . 1 8 5 5 
1 8 h 4 8 " 7" 3' 0 . 0 3 6 8 
On the loess wall, values double owing to the angle of inclination and 
exposition. The amount of sunshine falling on the wall is especially high 
between 11 a.m.—5 p.m. This is the main reason why the activity of the wasps 
starts relatively lace in the forenoon, and continues in essence in the afternoon 
only so far and only ¡n sites where the wall is insolated. In sunny, clear 
weather the wasps are active also between 10 a.m.-7 p.m. The earliest and 
latest activities are illustrated in Table 2. 
Table 2. Number of earliest and latest active wasps. 
4 July 3 — - 6 
5 July 1 0 28 
6 July 2 1 — 10 
7 July 1 0 30 39 
1 0 " — l O ™ — 1 1 M — 1 1 - ° — 1 2 » ° — IS 3 0 —14™ 1 7 M — 1 8 ° " — 18 M —19™ 
It is worthy of note that, according to T S U N F K I ( 1 9 6 9 ) , Odynerus jrauen-
jeldi S A U S S U R E flies out as the earliest between 7 < " - 7 M and at the latest 
between 1 5 M - 1 6 W , being active occasionally until W^-Xl30. 
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3. Temperature conditions of the habitat and its environment 
a. T e m p e r a t u r e of t h e l o e s s s u b s t r a t a 
a t d e p t h s of 2 a n d 5 em 
On clcar and sunny days (5-6 July), the warming-up of the loess wall 
presented a peculiar picture. The rate of warming-up is illustrated by the 
graphs of Figs. 6-8. It is rather conspicuous that the surface and the air layer 
immediately above it heat up rapidly, while the heat diffuses rather slowly 
Fig, 1. A pari of tlic western slope of tltc loess wall at Tihany. 
Fig. 2, The cup anemometer and the Assm.inn psychromcter in front of the Paragvmnomerui 
nests. 
within the loess substrate. Two cm below the surface, the magnitude value 
of the temperature during the forenoon warming-up phase lags, as related to 
that of the air 10 cm above the surface, 2 hours, and at a depth of five cm 4 
hours. An tsopletc illustration (Fig. 9) displays the distribution of warming-up, 
with reference to the amount of heat received and the heat regime, of the 
surfaec, the atmosphere and the loess substrate. The immediate surface layer 
to a depth of 0.5 cm can be considered a definitely warm layer, tie same as 
the air layer directly above it. 
The value of the correlation coefficient between the temperature values 
observed at a depth of 2 cm and the activity of the wasps is still positive and 
comparatively great (0.8608 ± 0.0722). A close stochastic relationship exists 
Tig. 3. Temperature recording instruments {barograph, termohygrograph, ps>chrograph), with 
the soil thermometers at 2 and 5 cm depths (right side). 
Fig. 4. Minimum thermometer on the slope near the loess wail. 
Fig. 5. Hygrograph (left), soil thermometer and thermograph placed at the Balaton level. 

J 52 L. M Ó C Z Á R . M. AN[ )Ó AND T. GALLÉ 
between the two variables. In the investigated temperature and activity interval, 
the approaching regression function of the connection is linear (Fig. 10). 
The value of the correlational coefficient between the temperature values 
measured at a depth of 5 cm and the activity of the wasps is low (0.2444 ± 
+ 0.297), hence it cannot be brought into relationship with the activity of the 
wasps on the surface of the loess wall (Fig. 11). Temperature changes within 
the wall influence rather the development of the larvae reposing in the exca-




J U L Y I 
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Fig. 6—B. Temperature recorded per quarter htmr and the number (if activities on 5, 6, 7 July. 
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b. C h a n g e s of a t m o s p h e r i c t e m p e r a t u r e , 
m i n i m a a n d m a x i m a 
In the investigated period, atmospheric temperature was not invariably 
favourable, but rather separable Into three macrosvnoptic situations: 
cloudy, rather warm weather with showers, 
variably overcast sky, very cold weather, 
wind-free, clear, warm weather. 
This latter was experienced between 5-7 July and on some subsequent 
days; prior to this, the prevailing weather was extraordinarily cold (1—2 July). 
The daily temperature mean fluctuated between 13-15°C, less by 5-7 °C than 
the mean calculated for the previous hundred years. In clear, warm, dry, 
windless weather the daily temperature mean exceeded 20 °C, indeed, it was 
+ 1.3 °C higher on 6 July than again the daily mean calculated for hundred 
years. 
The daily temperature data of the loess wall and its environment arc 
given in Figs. 6-8. The changes of the atmospheric temperature were composed 
from a series of data. The termograph was continuously operating near the 
nesting site of the wasps on the loess wall (Fig. 3, left). We took readings 
every hour by an Asmann psychrometer, first on the site of the loess wall 
preferred bv the Sceliphrons, then in a cavity then at a height of 1 m immedia-
tely in front of the wall (Fig. 2). Of these, the first and the third data gave 
more reliable data in view of the nests of the wasps. The termograph ran 
invariably in the same place, therefore it gave even more reliable data than 
the values measured by the manual instrument read every hour. 
The minimum and maximum values measured on the days under discussion 
are submitted in Fig. 12. on 5 July, we measured the 35 °C maximum at 15™ 
(Fig. 6), but the maximum activity was between I6°g-16's. The 36 °C maximum 
on 6 July was at 14™ (Fig. 7), while the maximum activity fell between 
I 3 " _ 1 4 M I . i t should be added that on the same day we measured 35 °C at 
12", on the basis of a continuous warming-up, therefore a maximum tempe-
rature was present already then. After an also uninterrupted warming-up, on 
7 July, the maximum 38 °C was read at 14*® (Fig. 8), while the maximum 
activity occurred between 11"—ll30 (the possible source of error might lie in 
the fact that we observed only a part of the loess wall between M^'-IS00). 
It appears therefore that the maximum activity follows the onset of the 
temperature maximum. 
c. A c t i v i t y o b s e r v e d p e r q u a r t e r h o u r s 
a n d t e m p e r a t u r e 
For the evaluation of the relationship between activity and atmospheric 
temperature, the days 5-7 July were the most suitable. Activity numbers 
recorded at the points of time of observation and the corresponding temperature 
values per quarter hour are given in detail in Figs. 6-8. Owing to the causes 
given above, we record here the thermograph data. 
On 5 July, temperature started with 25 °C at 11"°, reaching after a largely 
gradual increase 34 °C by 13". Also activity increased gradually, from 4 to 
33 per quarter hour, falling back to 23 only between 12"—13"° — in a period 
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when temperature remained unchanged (31.9 cC) bur when the sun was 
obstruction by a cloud and to this the wasps reacted sensitively. "When tempe-
rature fell by 1 CC (33 °C) at 13w, also activity dropped consideably (to 15). 
This phenomenon repeated itself between 13ls-Í4™ü At 14" temperature fell 
by 3 °C (to 31 °C), with a corresponding decrease also in activity. Between 
14"-15" temperature again reached by 4 °C the daily maximum (35 °C), so 
that the number of active wasps increased again, therefore after the smaller 
relapse owing to the clouded sky activity maximum again rose to 46 in the 
wake of the temperature maximum. After 16™-16N both temperature and 
activity decreased gradually together. 
On 6 July, temperature was 23 °C at 10"", with the maximum 35 CC 
reached at 12". Activity, with some smaller fluctuations, reached its first 
maxima (32 and 31, respectively) between l í ^ - l l " and 12w-12**. Subsequently, 
temperature fell 6 °C rill 14" (29 °C), markedly observable also on the activity 
of the wasps. Besides the two smaller drops in temperature (3 °C on both 
occasions), a greater decrease (10 °C, resulting in 25 °C) happened only at 
16"; before the evening cold, this was followed yet by a smaller warming up 
period (29 cC at 1711). Owing to these latter fluctuations in temperature, activity 
20 25 30 °C 
Fig. 10. Regression of connection between temperature of loess wall measured at a depth of 
2 cm and the activity of the wasps. 
also seemed to decrease considerably, and the number of active wasps increased 
significantly only after the temperature maximum mentioned above. 
On 7 July, temperature rose from 22 °C at 10M to 38 °C by 14", there-
fore by 16 r>C. Subsequently, it fell back considerably at 15"" and 15", decreasing 
gradually to 28 °C by 18™. The course of activity is less unequivocal. Most 
active wasps (30) were observed between ll'^-ll1", and though temperature 
continued to rise — even if occasionally dropping somewhat owing to the 
Fig. i). Temperature distribution in the isoplete system. A atmospheric temperature: B = soil temperature; C — values in hours of sunshine duration and temporal line; D = per 
cent scale; D 1 = atmospheric humidity in per cent; D/2 = activity in per cent. 
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passing of clouds — it failed to increase activity. The falls in temperature at 
15M and 15" had significantly decreased also activity. 
By a statistical analysis of the atmospheric temperature and the activity 
of the wasps it can be established that the correlational connection of activity 
is the closest with the temperature measured by the thermograph (c = 0.986 ± 
± 0.0065). This result completely agrees also with the data of Figs. 6-8. The 
rcgressiona! connexion of atmospheric temperature and activity is linear in the 
investigated interval, similarly to that of the temperature of the loess wall 
measured at a depth of 2 cm (Fig. 13). A less close stochastic relationship could 
be observed with the temperature measured by the Assmann psychrometer at 
a height of I m (c = 0.91 19 ± 0.0415) or in the cavity of the loess wall 
(c = 0.719 ± 0.145). The cause lies in all probability in the measuring tech-
nique discussed above. Our newest, 1972 observations seem to substantiate the 
assumption that the activity of the wasps still increases to a temperature about 
40 °C, reaching its maximum there, and then it conspicuously falls back. 
d. T h e q u a l i t a t i v e d i s t r i b u t i o n of t h e 
d a i l y a c t i v i t y 
Of the various activities of the wasp, a prolonged observations is mainly 
possible of the building of the nest (that is, the digging of the pupal chamber, 
the construction of the turret or the discarding of the excavated earthen pills) 
and the transportation of the sawfly larvae. According to our observations, 
the wasps were busy constructing, between 10 a.m.-6 p.m., in the following 
number (== amount, and not numbered!) of turrets or carrying sawfly larvae 
for food (the amount of this latter given in brackets): 
Table 3. Qualitative distribution of daily activity. Numbers refer to the amount of nests under 
construction, those in brackets designating the total of nests into which sawf ly larvae 
were tran.sported. 
5 July _ 7 20 21 23 24 14 4 
— — (2) (6) (4) (3) (4) (7) (1) 
6 July 1 3 9 22 24 22 1 5 5 1 
— (3) (6) (2) (9) (2) (7) (2) (1) 
7 July 1 1 5 1 6 20 21 22 21 1 1 — 
(4) (6) (12) (6) (4) (2) (5) (8) (3) 
Total 1 28 3 2 64 6 6 67 60 30 5 
(4) (9) (20) ( 14 ) (17) (7) (16) (17) (5) 
10 11 1 2 1 3 14 1 5 16 18 hours 
Accordingly, most wasps were constructing nests between 12""-16"" hours, 
and most were carrying sawfly larvae between ll"°-14"" and 15w-17119 hours. 
If the numbers of constructing or larva-transporting wasps are compared 
with the daily mean temperature data (Figs. 6-8), we find the following 
picture: 
The greatest number of wasps were constructing their nests on 5 July in 
the hours of the temperature maximum (14"-l 6"°); on 6 July in the hours 
between the temperature maxima (12""—15°"); on 7 July in the hours of the 
temperature maximum (14°®—15m) and in the two hours preceding it (n09—14"°). 
As far as the transportation of sawfly larvae for food was concerned, the wasps 
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were carrying the larvae also during the hour after the maximum (15 —16") 
on 5 July: in the hour following the first or the forenoon maximum (13'"— 14°°) 
(at the time when temperature had conspicuously decreased) on 6 July; and in 
the forenoon hour (H'"-12<") of the still warming up temperature, as well as 
following the maximum (16'"-171,tl) on 7 July. 
e. M e a n p e r i o d ( d u r a t i o n ) of d a i l y a c t i v i t y 
If observations running merely to one or two days are disregarded and 
only those extending over at least 3 days are taken into account, the following 
periods, with respect to the daily activity of the individual wasps, are obtained 
(Table 4): 
Table 4. Period totals of the daily activity. 
Serial D a i l y a c t i v i t y h o u r Daily 
number on July moan 
of « a s p of uurk 
3rd 41 h gth 6'h 7 ,h 
1 5 4 .50 2 . 3 7 6 .29 4 . 4 7 
18 0 . 3 2 5.34 4 . 2 5 6,31 4 . 1 6 
19 0 . 5 2 2 . 5 8 5 ,31 6 . 3 6 5 . 0 9 4 . 1 2 
23 4 . 5 7 0 . 1 7 4 . 4 2 2 ,37 3 . 0 0 
28 3 .38 3 .39 0.57 6 .4S 7 .38 5 . 4 3 
29 5 . 1 9 5 .44 6 . 3 2 5 . 5 2 
3 0 4 . 1 5 5.47 6 .22 5 . 1 9 5 . 2 6 
31 3 . 1 1 2 . 0 6 6 .34 4 . 3 3 
33 6.00 4 . 5 2 5 .04 5 . 1 9 
34 4.28 3 . 2 5 1 . 5 7 3 . 1 7 
35 0 .44 2,03 5 . 5 9 5 . 0 0 3 . 2 9 
36 2 . 2 2 6 . 4 0 7 . 3 9 5 . 3 4 
37 4 .33 2 . 4 0 5 . 0 2 4 . 0 5 
38 5 .08 6 . 4 0 6 . 0 4 5 . 5 8 
39 6 . 1 5 4 .46 2 .04 3 . 5 3 4 .55 4 . 4 6 
46 1 . 1 9 0 . 4 0 5 . 0 8 6 . 2 0 3 . 2 2 
4 7 5 . 0 2 1 .53 4 . 3 7 6 . 0 8 4 . 2 5 
4 8 4 .50 6 .53 4 .45 6 .09 
50 4 .00 5 . 1 8 5 .03 4 . 4 7 
56 4 .24 0 . 0 4 2 .55 2 , 2 7 
57 3 . 5 7 2 .25 6 .54 6 .20 4 . 5 4 
59 0 . 1 3 5 .45 4 .46 0 ,31 2 . 4 8 
61 4 .58 5 .34 7 . 11 5 . 5 4 
64 4 .57 4 . 0 3 7 .38 5 . 3 2 
6 5 5 .22 7 . 1 6 7.31 6 . 4 2 
6 6 4 .24 7 18 6 . 1 7 5 .59 
68 4 . 1 6 5 . 1 7 0 . 0 4 3 . 0 7 
7 2 4.27 2 . 4 5 6 . 1 9 4 . 3 0 
75 2.57 8 ,24 5 . 2 8 3 . 4 8 
81 1 1 6 6 .28 4 . 1 1 3 . 5 6 
85 5 . 1 2 3 .01 0 .31 2 55 
86 2 .08 6 . 0 6 L.55 3 . 2 3 
87 2 . 1 1 6 .42 7 . 2 2 3 . 1 5 
89 3 . 1 0 1 .01 5 . 4 9 3 . 2 0 
90 0 .08 1 . 5 6 2 .02 1 . 2 2 
93 1 .27 5 . 1 1 6 .42 4 . 2 6 
94 0 .49 5 . 1 5 7.01 4 . 2 2 
1 0 2 4 ,34 4 .03 4 . 2 1 
1 5 8 . 0 1 
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According to the above data, the daily activity of the wasps fluctuate 
between rather wide limits. Even on the day of the most favourable tempe-
rature (7 July), Wasp No. 68 spent no more than 4 minutes in its nest, whereas 
Wasp No. 36 was active for 7 hours and 39 minutes on the loess wall. The 
totalling of the data shows that during the above observation days the 38 
wasps were active for an average of 4.158 hours on the surface of the loess 
wall held under observation. 
4. Atmospheric humidity, precipitation and wind conditions 
of the habitat and its environment 
The per cent distribution of the annual wind direction in the region dis-
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The area is on the lee side, but the vegetation gives complete shelter 
against winds for the nesting sire of the wasps. Though aerial movements 
measurable with an anemometer (Fig. 2) could be observed in the case of 
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Fig. 1 1 . Connection between the temperature of the loess wall measured at a depth of 5 cm 
and the activity of the wasps. 
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it had not influenced the activity of the wasps in the least. Atmospheric 
humidity conditions, on the other hand, affected the wasp to a considerably 
greater extent. 
Paragymnomerus spiricornts has a Mediterranean range, and on the basis 
of its srenok eremophilous character one may presume that an increase in the 
51 Í M 7 ! 1 N 3 0 T 1 1 4 5 6 7 B - T Í 2 4 H - W W 
V I VH 
Fig. 12. Minimum—maximum data of the loess wall and its environment. 
atmospheric humidity will influence the activity of the wasps rather to dis-
advantage. Instrumentatcd observations in this year have shown that the 
activity of the wasps is inversely prnportional with the relative humidity content, 
and this was corroborated also by the correlational analysis (C = - 0,9728 ± 
± 0.0112). 
y = 1 73947 X - 3 3 7 5 0 9 
Fig. 13. Regression connection between atmospheric temperature in front of the loess wall 
and the activity of the «asps. 
Since atmospheric humidity during the daytime is higher in the forenoon 
hours than in the afternoon, also this factor - in close connection with tempe-
rature - must have considerably influenced the activity of the wasps. 
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5. Summary 
The Tihany Peninsula has a warm climate of a continental character. 
It receives as much sunshine as the most insolated part of the Great Hunga-
rian Plains. The region has most characteristic local and microclimate conditions; 
especially the exposed hillsides show climatic features which determine the 
several life communities. Thus the position of the loess wall and the Festucetum 
stilcatae and Cotino-Quercetum environment afford nearly uniquely suitable 
conditions for the gregarious colonization of the site by Paragymnomerus spiri-
comis (SPINOLA ) . The exposition of the loess wall and the sheltering effect of 
the surrounding vegetation render the site free of aerial movements, a slight 
breeze occurring there only in stormy and tempestuous weather in the neigh-
bourhood. The SW exposition of the slope, inclined nearly 90f\ is directly 
insolated from about 10-11 a.m., so that, owing to the steep inclination, the 
considerable amount of energy causes a rapid upward increase of temperature, 
inciting - between 11 a.m. and 7 p.m. - the activity of the wasps. 
The value of the correlational coefficient between the subsurface tempe-
rature of the wall (measured at a depth of 2 cm) and the activity of the wasps 
is positive and great, the regressional function of the relationship is linear. 
Temperature values measured at a depth of 5 cm influence rather the 
development of the larvae in the pupal chambers. Aerial humidity content is 
inversely proportionate with the activity of the wasps, the value of the cor-
relational coefficient is -0 .9728 ±0.112 . The activity of the wasps is mostly 
influenced by the atmospheric temperature in front of the loess wall (the 
correlational coefficient is 0.986 ± 0.006?). Maximum activity sets in after the 
temperature maxima. Activity figures, totalled per quarter hour, correspon-
dingly followed the changes in temperature observed by a thermograph on 
5 and 6 July. On 7 July, the two failed to exhibit this close connexion, though 
still in agreement. Drops in temperature or even the passing of a larger cloud 
causes a decrease in activity. Concerning the qualitative distribution of activity, 
the greatest number of wasps was observably occupied in constructing nests 
between 12,1>-16'" in the suitable warmth and carrying sawfly larves for food 
between tl^-M"" and 15w-170l>. Nest constructing occurred mainly during the 
hours of the temperature maximum, while the transportation of the sawfly 
larvae in the preceding or the subsequent hours. The period of daily activity 
of the wasps fluctuates between 4 minutes and 7 hours 39 minutes. Thirty-
eight numbered (marked) wasps were active on the loess wall for a mean 
period of 4 hours and 15 minutes per individual during 5 days of observation. 
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DATA TO THE ELECTRON MICROSCOPIC STRUCTURE 
OF THE PINEAL ORGAN OF THE BIRDS 
A R A N K A S T A M M E R 
Department of Zoolugy. Art ¡la Jozsef Vdiversity, Szeged 
(Received June 20 . 1 972 ) 
Of late, the results of several electron microscopic investigations in respect 
of the pineal organ of the bird were published ( B I S C H O F F , 1 9 6 7 ; 1 9 6 9 ; 
B I S C H O F F a n d R I C H T E R , 1 9 6 6 ; C O L L I N , 1 9 6 6 ; 1 9 6 7 ; 1 9 6 8 ; F U J I E , 1 9 6 8 ; 
M I K A M I , 1 9 6 8 ; 1 9 6 9 ; O K S C H E , 1 9 6 5 ; 1 9 6 S ; O K S C H E - K I R S C H E N S T E I N , 1 9 6 9 ; 
O K S C H E a n d V A U P E L v o n I I A R N A C K , 1 9 6 5 ; 1 9 6 6 ; R E N S O N I , E A K I N a n d 
Q U A Y , 1 9 6 8 ; Q U A Y , 1 9 6 5 ; 1 9 6 8 ; U E C K , 1 9 6 9 ) , The statements concerning 
the structure were completed and put in a new light by experimental, extir-
pation-, electrophysiological, bio- and histochemical investigations carried out 
similarly on different birds ( A X E L R O D , W U R T M A N , 1 9 6 6 ; A X E L R O D , W U R T M A N 
a n d W I N G E T , 1 9 6 4 ; A R I E N S K A P P E R S , 1 9 6 5 ; K E L I Y , 1 9 6 2 ; K O B A Y A S H I , 1 9 6 9 ; 
M O R I T A , 1 9 6 6 ; M E N A K E R , 1 9 6 5 ; 1 9 6 8 ; 1 9 6 9 : M E N A K E R a n d K E T T , 1 9 6 7 ; 
O K S C H E , M O R I T A a n d V A U P E L v o n H A R N A C K , 1 9 6 5 ; 1 9 6 6 ; R A L P H a n d D A V S O N , 
1 9 6 8 : Q U A Y , 1 9 6 6 ; Q U A Y a n d R E N Z O M , 1 9 6 3 ; W U R T M A N , 1 9 6 9 : W U R T M A N , 
A X E L R O D a n d F I S C H E R , 1 9 6 4 ; W U R T M A N , A X F . L R O D a n d K E L L Y , 1 9 6 8 ) , 
Comparing the different results obtained from the pineal organ of the 
various bird species to the large number of data found in sub- and superavian 
vertebrate groups respectively in the human ( B A R G M A N N , 1 9 4 3 ; D O D T , U E C K 
and O K S C H E , 1 9 7 1 ; K A P P E R S , 1 9 7 1 ) , we may establish that there isn't in the 
organism another organ as unknown as this peculiar protrusion of the thalamic 
tegmen. 
In spite of the multilateral investigations and multisense illuminations, it 
can only be said even to-day that there is no certainty as to the origin and 
quality of its cells (neural, glial, ependymal, parenchymal), resp. the function 
of the whole organ (sense organ, receptor, photoreceptor, neurohumoral or 
exocrine, resp, endocrine gland or a rudimentary remain). 
As not only the different classes of Vertebrate but even within these, in 
the various species, a strongly disparate structure may be found, it is highly 
justified getting on with studying the pineal organ. 
Materials and Methods 
W e h a v e investigated the ultrastructure of the pineal bndy of doves (Calumha tivia 
domestica), turkeys (Meleagris galtopaoo) and ducks (Anas domestics) of different ages. For 
being investigated, our materials were Fixed in osmium tetroxide buffered with collidiuc. 
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according to BENNETH and LUFT ( 1959) . AND then embedded in araltlite after alcoholic 
dehydration. W e used S — î p.c. uranvl acetate for contrasting the material, and lead citrate 
contrasting, according to REYNOLDS (1963) for staining the sections. The sections were made 
with tilt ta microtome Porter—Blum LKB, and the microphotograms with electron microscope 
Tes!a 242 D. 
The electron microscopic investigations «'ere aided by researchers IMRE ZS. NAGY {institute 
for Biological Research. Tihany) and ÂRPÂU PÀKUecz (Electron Microscopic Laboratory of 
the Biophysical Institute. Biological Research Centre, Szeged). 
L e e t . t r c l u e t o t h e e l e c t r o n m i c r o s c o p i c p h o t o g r a p h s 
p — perikaryon Mac — accumulation of mitochondria 
Cm — cell membrane Cr — mitochondrial cresi 
D — desmosome Ly — lysosomc (functioning) 
Zo — zonula oedudens Lpi prelysosome port h posóme 
Md — intcrdigitating membrane Lpo (residual body) 
lp — intercellular angle Gr — granule 
N — cell nucleus V — icsiclc 
Nm — nuclear membrane Pv - - pinocytotic vesicle 
Er — granulated endoplasmatic Dv — dense core vesicle 
Nm reticulum Bm — basal membrane 
R - ribosome E — endothelial tell 
G — Golgi apparatus Mc — macrophage 
Gt — Golgi tubule Ci — cilium 
Gv — Golgi vesicle Reí — r a d i x Citi i 
Va — vacuole Pr protrusion 
M — mitochondrium Prv — protrusive vacuole 
Mm — mttochondriurr. membrane Mvb - - multivesicular body 
Ma — mitochondrium matrix Myc — myelin configuration 
Results 
In the course of our investigations there occurred some interesting structural 
peculiarities that characterized the pineal organ of the birds investigated 
particularly and that have net been discussed in this direction so far. These 
are as follows: 
1. Formation of the pineal cell membranes, 2. intracellular cavity systems, 
vacuole, 3. Golgi apparatus of vacuolar type with vesicles rcsp. granules of 
various types and sizes, 4. several lysosomes in transformation, 5. content of 
the apical surface and of the adjacent cavity system, 6. structure of the pineal 
vasculature. 
Membrane formations 
In the pineal organ of the three bird species investigated, between the 
cells of much the same diameter and building the follicles in more layers, 
membrane fusions resp. thickenings of more types and of very- different length 
were to be seen. It is peculiar that often in the same cell two or three kinds 
of cell membrane formations were manifested. It is obvious, too, that the 
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course of the normal unit membrane is strongly wavy. The wideness of the 
intercellular space often changes (75 A-160 A). At the angles of cells, there 
arc often wide polvhedric intercellular angles (Ip) to be found. At that time, 
the unit membrane divides, the intercellular space may grow eight to ten times 
wider forming polvhedric shapes of various forms and length. From among the 
membrane formations the following forms arc characteristic: 
[:ig, 1 . Meleagris gallopmo: formation of the membrane between the pineal cells (zonula 
o c c l u d e r ) . :< 3 5 . 0 0 0 
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Fig. 2. Meleaftris gallopavo: Formation of the membrane bciwccn the pineal culls (des-
mosomc). rt ;i0.030 
I. A f u l l f u s i o n (Fig. 1) manifested generally in a long part. At 
that time, the unit membranes of cells [use into a thin, dark line (Zo). This 
change in membrane has every criterion of the notion of occludent zone or 
closing crest. A fusion like that occurs the most frequently in the lateral walls 
of the long-shaped cells surrounding the lumen. It never appears near the blood 
vessels. 
I1ATA TO THE E L E C T R O N MJCROSCOITC STRUCTURE 165 
2. D e s m o s o m a l c o n n e c t i o n (Fig. 2). It is the most general 
and obvious thickening of the pineal cells (D). It manifests itself generally in 
a short region (about 0.6 u). At the desmosomes of pineal cells the intercellular 
space is wide and clear (150 A). The electron dense filaments (tonofilaments) 
that can be seen well from the cytoplasm join with the membrane. The length 
of filaments reaches 400-500 A. In a longer course there can often be obseved 
some desmosomal sectors where the intercellular space is dark. The adhesive 
filaments are usually still longer, 600-800 A. The following two memhrane 
formations are characterized bv this form of thickening. 
3. I n t e r d i g i t a t i n g m e m h r a n e s y s t e m (Fig. 3). It is 
entirely peculiar that between the parenchymal cells there were found also 
some interdigitating cell borders that are characteristic of the cells of myo-
cardium. It is distinctly visible in the picture that the unit membrane has 
formed large-sized vesicles with strangulations. The vacuoles of various sizes 
found in the cytoplasm of the cell get into a close conncction with these. The 
interdigitating membrane system is connected with desmosomes in a longer 
sector. 
4. T u b u l o v e s i c u l a r c o n n e c t i o n (Fig. 4). We have often 
observed this peculiar formation in the deeper layer of follicles, close to blood 
vessels, in the first line of angular pineal cells of about identic diameter and 
in many layers. In that place the cell membranes fused long and strongly divide 
at the angles of cells, forming the particular tubulovesicular system (Tv) seen 
in the picture. The tubular system may be produced by the digital protrusions 
of the contiguous cell membranes reaching one another. At the beginning we 
thought that the canals of the rough endoplasmatic reticulum of the adjacent 
cells were connected together in these places but that was not possible because 
the ribosome never appeared on the surface of canal. It becomes clear after 
investigating the connections that a formation of membrane is in question. 
This structure that is similar to the biliary capillaries is referring to an absorbing 
rcsp. evacuating function. A particular attention is also deserved by the long 
fused double membrane where the intercellular space completely disappears 
but from the cytoplasm a filament similar to that of the desmosomes is adhering 
to the membrane. This dark desmosomal conncction extends almost over the 
entire limiting membrane, interrupted only at the tubulovesicular systems. 
The close conncction between the pineal cells can be found not only at the 
pineal cells of birds bur also at those of mammals. They were noticed first 
by H O P S U and A R S T I L A ( 1 9 6 5 ) between the pinealocytes of the rat and published 
under the name somato-somatical synapsis. The authors mentioned above have 
not found any divergent forms. As according to the literary data there appear 
occludent zonules between the photoreceptor cells of the retina ( D O W L I N G and 
B O Y K O T T , 1 9 6 7 ; D O L L I N G a n d G I B B O N S , 1 9 6 2 ; E A K I N , 1 9 6 5 ; HOLMBERG, 
1 9 6 9 ; 1 9 7 1 ) and desmosomal connection between the ependymal cells (BLOOM 
F A W C E T T , 1 9 7 0 ) , the membrane mutations observed do not give us any 
argument for deciding the proper place of the avian pineal cells. At any rate, 
it is sure that the matter in question is a parenchymal tissue of a very close 
functional collaboration. This is a particularly close functional ccnnection in 
the vicinity of blood vessels. The complete fusions, as known well, arc meaning 
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an almost perfect barrier for the macromolecular matters. It is probable that 
these close fusions extending over a large surface do play an important part 
among the lumen content and the materials of the blood vessels lying deeper. 
Vacuolar cavity systems (Va) 
In some of the avian pineal systems there appeared some major cavity 
systems (Fig. 5). Sometimes the cavity filled up the cell even to the half. 
These may be vesicles filled in with some fluid. As shown by the figure, 
Tig. 3. Cotumba domeslica: intcrdigitating mcmhranc with detaching vesicles. -x 35 .000 
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the vacuole is lying in the immediate neighbourhood of the nucleus. These 
vacuoles of major size may be in connection with lesser vacuolar groupings 
multiplied in the cytoplasm everywhere but particularly round some major 
vacuoles and directed towards one another with theit protrusions. To be sure, 
it is possible, as well, that these lesser cavities are the vesicles broken off the 
large cistern. 
In the world of living, the vacuoles of fluid are mainly known in the 
vegetable cells. From the cells of the animal kingdom they are almost entirely 
Fig. 4. Colnmba domestic*!: tubuIo-vesicular connection between the pineal cells, x 17 .600 
Fig. 5. Columba domestics; a large-sized vacuole in the pineal cell, x 1 7 . 0 0 0 
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absent. VVc find only according to the reccnr literary data some reference to, 
that there occurred some cavity systems similar to the above mentioned onej 
in the venticular area of brain, as well, in the ependvmal cells containing water 
( V I G H - T E I C H M A N N a n d V I G H , 1 9 6 9 ) . 
Fig. 6. Columba domestics* G O L G I apparatus of the pineal cell, x 2 2 . 0 0 0 
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Golgi apparatus (G) 
The G O L G I apparatus is mostly present in the form of oblong, narrow 
vessels (Gv) and of small vesicles detached at their ends (Gv) in the cells. 
This form was never found in the perikaryon of the parenchymal cells of a vain 
pineal body. Instead of these, a peculiar vacuolar type can be seen (Fig. 6). 
The Golgi apparatuses arc very well developed in the pineal parenchymal cells. 
Apart from some flat canals at their edges — that perceptibly enter, anyway, 
the centre, too, - this apparatus is built by very large-sized vesicles of diameters 
2500-35CO A. In the by and large circular apparatus, rich in vacooles of very 
various sizes, some vesicles and granules of different size and colour arc to 
be seen. The dark granules are frequent. Among these there arc many completely 
dark granules of about 250-300 A. In addition to these, there appear also 
some larger and a little clearer granules of a size 450 A in a large enough 
number. From among the dark granules, particularly those of smaller size 
appeared very frequently even in the cytoplasm scattered, mainly near the 
endoplasmic reticulum and along the cell membranes, as well. Rather rarely, 
there appeared vesicles of dense core type, too, sized in the average 800 A. 
Besides the dark granules, also a great number of clear vesicles can be found 
in the Golgi apparatus. The diameter of these is 400-600 A. They are, as 
a rule, round but there occur elliptical forms, too. From among the elliptical 
forms, those of larger size have diameters 850 A in length and 400 A in width. 
In the cytoplasm the clear vesicles arc rare. In the vicinity of cell membranes 
(Cm) they appear usually as pinocytotic vesicle types and they arc particularly 
frequent in the endothelial cells of the blood vessels. There occurred, even if 
scarcely, also some multivesicular bodies in the G O L G I apparatus, with dia-
meters of 2500 A. Similar forms were sometimes found in the cytoplasm, too, 
most of them having appeared in the content of the follicular lumen. 
We had first thought the Golgi apparatus of vacuolar type to be some 
vesicle containing or storing fluid. It was decided only by its vicinity to the 
cell nucleus, its granulosity and permanent uniform appearance that the matter 
in question is the G O L G I apparatus. We have often observed lysosomes in the 
neighbourhood of the G O L G I apparatus and also the open, rcsp. vacuolar!)' 
dilated canals of the endoplasmic reticulum manifested themselves immediately 
beside the Golgi apparatus. 
Lysosomes (Lv) 
The lysosomes, these electron microscopic eel 1 -organcUcs of heterogeneous 
appearance and function are probably permanent and large-size cell-organelles 
in the pineal eel is of the species investigated. According to their appearance, 
they are vesicles surrounded by a unit membrane. They are interesting because 
of their alternating electron density and different size. We regard the lysosomes 
of the parenchymal cells of the bird as lysosomes rich in hydrolytic enzymes. 
We could follow even the most different transformed forms of lysosomes. In 
the cells investigated we have found a great number of forms, from the quite 
small organelles of 150 m/t till the lysosomc of about 3 ii. We consider as 
prelysosomc (Lpr) the small — mostly homogeneous — form (Fig. 7). There 
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Fiji. 7. Anas domestics: lysosomc in [ lie pineal cell (prelysasome). \ 17 .600 
Fig. 8 . MeUttgris gallopavo: residua! body in the pineal cell. x 1 7 . 6 0 0 
develop from these the real or proper lysosomes of spotted Structure, cap-like 
loaded with electron dense nodules at the edge or peak (Figs. 6, 8). The latter 
ones have appeared in the largest number in the pineal cells. They arc striking 
in almost every picture (Ly). In their vicinity we could always observe a dilated, 
granulated endoplasmic reticulum and a great many pinocytotic vesicles. However 
in lower number, the residual bodies arc nevertheless very conspicuous; as post-
lysosomal forms (Lpo), they are probably storing the decomposition products 
of pineal cells (Fig. 8). In the body surrounded with a membrane, decomposing 
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dark granules arc to be seen. The electron dense granules reminding of melanin 
or lipofuchsin granules are actually stuffing the matrix of lysosomc. There has 
never appeared any autophagosome containing any cellular element (mito-
chondrium or granule), Wc have not observed, in a single case, either, that 
these residual forms would ever have been discharged by exocytosis throught 
the cell membrane. 
Fig. 0. Colrmba domatka (8-d.iv o ld) ; luminal surface of the cell limiting the follicle. Pro-
trusions. \ 3 5 . 0 0 0 
Fig, 17. Coltaaba domestict- (6-month o ld) : surface of the follicle-limiting cell in cross-section. 
Cross-sections of protrusions and cilia, x 3 5 . 0 0 0 
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Fig. 1 1 . Meleagris gallupavo: surface of the follicle-limiting cells. Radices of cilia, x 3 5 0 0 0 
x 3 5 . 0 0 0 
Fig. 1 2 . Columba domestic a: content of the pineal follicular lumen. Macrophage, x 1 7 . 6 0 0 
Surface and lumen content of the pineal cells 
The pineal bodies of all the three bird species investigated arc of follicular 
structure. Protrusions and cilia are reaching down into the lumen of the follicle 
(Figs. 9 to 12). The protrusions are peculiar twisted formations, filled in with 
tiny clear vesicles. The matter in question is probably containing pinocytotie 
vesicles and the essential structural elements of the secernent function of the 
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pinae! cclls. We have observed that at the end of protrusions even larger 
vesicles and protruding pieces, as well, may be detached. The lumen is full 
of these detached pieces as well as of mitochondria devoted to destruction, of 
small-sized lysosomes and quite well multivesicular bodies. There often appeared 
laminated systems similar to myelinic configurations and some independent 
cclls - probably some macrophages — as well (Fig. 12). 
Fig. 13 . Columba domestical pineal capillary cross-section. Peculiarly developed basal memb-
rane systems and perivascular spaces. \ 17 .600 
Fig. 14. Anas dornestica: pineal capillary cross-sect ion. Pinocytotic vesicles and protrusions. 
An endothelial cell protruding into the lumen, x 2 2 . 0 0 0 
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According co our observation, on the surface of the pineal cells, in quite 
young birds (eight-day old doves) there are only some protrusions (Fig. 9), 
the cilia appeared only later, after the sixth week (Fig. 10). They usually appear 
mixed on a cell surface. There are, however, some cell surface only with 
protrusions and others only with cilia. On this basis, in our opinion, there 
can ot be tald any cells from another. We regard the cilia to have a typical 
9 -+ 2 structure, adhering with conspicuously strong ciliary roots (Rci) to the 
surface of cell (Fig. 11). Generally a great many vesicles and granules and 
particularly elongated mitochondria take place in the cytoplasm close to the 
cell surface. 
Blood supply of the pineal cells 
The blood vessels between the pineal cells are showing electron micro-
scopically a peculiar structural arrangement, most part of them being small 
arteries rcsp. capillaries and they are present, as a rule, only between angular 
parenchymal cells of equal diameters and of deeper site. The monostratal, long-
shaped cells limiting the lumen haven't any independent capillary system more. 
A characteristic of the pineal small vessels is the obvious thick and dark basal 
membrane system (Figs. 16, 17). Round the cross-section of one or two blood 
vessels there are often to be seen double or triple basal membranes with consi-
derable perivascular spaces. The nerve fibres that are of sympathetic origin 
have only appeared here. 
The wall of capillaries is mostly constructed of quite thin endothelial cells 
attached to each other with desmosomcs. The desmosomes between the endo-
thelial cells arc long, with thick electron dense filamcns and a clear but narrow 
intercellular space. The cytoplasm of the endothelial cells does contain the 
general cellular elements and we have not found any difference as compared 
with the endothelial cells of other capillaries. The nucleus is markedly large 
and strongly granulated, being in most cases also indented. There are, to be 
sure, polygonal endothelial cells of larger size, too, reaching into the vascular 
lumen. It may be supposed about these cells that they play the part of valve 
in the regulation of blood flow. It is possible that these arc characteristic only 
of the venous capillaries. Apart from the basal membrane system, also the rich 
protrusive system is a peculiarity of the pineal endothelial cells. From the sur-
face of endothelial cells a great many protrusions reach into the lumen, respec-
tively some empty vacuoles of different sizes may be seen as detached from the 
protrusions and forming groups either in the lumen or in the perivascular space. 
Seeing these formations, we think with reason on a particular secretory' function 
of merocrine character. 
The large number of pericytes beside the capillaries is remarkable, as well. 
There may be distinguished two types of these pericytes. At one of the types, 
the strongly indented cellular nucleus is dark, granulated, the nuclear membrane 
is smooth and there are to be seen never any nuclear pores. The perikaryon is 
very narrow, creating many protrusions. At the other type of pericytes a long-
shaped nucleus can be seen, with a permanently smooth surface. At these, the 
cytoplasmic cell part is much larger and wider and rhcy have fewer cellular 
protrusions. It may be supposed that the two types of cells play two kinds ot 
functions. It is probable that the first one takes a prominent part in contraction 
nnd the second one in support. 
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EFFECTS OF LANTHANUM AND ALKALINE EARTH METAL IONS 
ON THE POTASSIUM CONTRACTURE OF THE HELIX HEART 
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It is known that the heart muscle of molluscs differs in several respects 
from that of vertebrates. It will suffice to refer from among these to the 
structure of the heart muscle, the differences demonstrated in its biochemical 
composition, the presence of a diffuse pacemaker, the different responses to 
electric stimulation, the difference in excitatory mediators, as well as to the 
different characters of some ion effects. At the same time, in other relations, 
some similar features can be recognized, too. Worthy of note, from this point 
of view, are the myogenic automatism, the inhibiting effect of ACH, the 
presence of a Na—Ca-dependent action potential, the depolarizing effect of 
potassium and the contracture connected with this. 
On the basis of all this, it is justified to raise the question of the regu-
larities of structure and functioning of the excitation-contraction coupling. From 
this point of view, data cennccted with the problem of the potassium contracture 
and its ion-dependence, have been published by O Z E K I ( 1 9 6 4 ) , and H I L I . , 
G R E E N B E R G , IRISAXC'A, N O M U R A ( 1 9 7 0 ) with regard to the pharynx retractor 
or radula protractor muscle of two snail species, and by N O M U R A ( 1 9 6 5 ) and 
B U R T O N and L O U D O N ( 1 9 7 2 ) with regard to the heart of Dolabella and 
Helix. It can be established from these investigations that the K-depolarization 
of molluscan muscles and the associated contracture, and also the Ca-depcndcnce 
of the phenomenon arc similar to those reported in vertebrate organs and 
particularly in the heart of the frog ( N I E D E R G E K K E , 1 9 5 6 ; 1 9 6 3 ; L A M B and 
M C G U I G A I N , 1 9 6 6 ) . 
The ion-dependence (Ca) : (Na)!, known from the works of W I L B R A N D T 
and K O L L E R ( 1 9 4 8 ) , L U T T G A U and N I E D E R G E R K E ( 1 9 5 8 ) on the contractility 
of frog heart, is not valid for the molluscan heart ( N O M U R A , 1 9 6 5 ; B U R T O N 
and L O U D O N , 1 9 7 2 ) , According to the investigations of the authors cited, the 
effect of magnesium on the molluscan heart is similar to that of sodium on the 
frog heart. 
In the calcium-dependent potassium contracture the problem of the replace-
ment of calcium by various cations seems to be rather contradictory in the 
literature. It is sufficient in this connection to refer to two data. F R A N K ( 1 9 6 2 ) 
found many bi- and trivalent cations to be calcium-substitutivc in the potassium 
contracture in the skeletal muscle of the frog. At the same time, G A I N E R ( 1 9 6 8 ) 
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could not substitute essentially similar cations for the specific role of calcium 
in the muscle of the lobster. 
It is known, mainly from investigations on vertebrate muscles, that lan-
thanum can interact with the Cn"1""-binding sices or stores on the membrane sur-
face, in this way being able to inhibit the calcium-dependent potassium con-
tracture ( S A N B O R N and L A N G E K , 1 9 7 0 : G O O D M A N and W E I S S , 1 9 7 1 ; and others). 
In this paper a study is made, in connection with the potassium contracture, 
of the problem of calcium substitution, and of the effect of lanthanum on the 
excitation-contraction coupling of the edible snail heart. 
Materials and Methods 
P h y s i o l o g i c a l e x p e r i m e n t s : Recordings w e r e made of the isotonic contractions 
of the isolated Heltix pomatia hearts, liung up in an organ vessel and extended with a 1 .3 tr 
weight, on a smoked kymograph drum. Solutions of the fo l lowing composition were used: 
Helix—Ringer (according to juUien—Ripplinger) NaCI 1 1 1 . 1 mM. KCI 1 , 8 7 m M , 
CaCI. 1.0B mM, N a H C O j 2 .39 m M pH = 7 .4 
K—Ringer 
KCI 10 1 5 20 3 0 50 1 0 0 mM 
NaCI 1 0 1 . 1 96 .1 9 1 , 1 8 1 , 1 6 1 , 1 1 1 , 1 mM 
C a C ! ( 1 ,08 1 . 0 8 1 , 0 8 1 . 0 8 1 . 0 8 1 . 0 8 mM 
N a H C O j 2 . 3 9 2 ,39 2 ,39 2 . 3 9 2 ,39 2 . 3 9 m M 
For the investigation of the calcium-dependence of the potassium contracture, as well as 
the possibility of calcium-substitution, the contracture elicited by 50 mM K-Ringer was consi-
dered. Not more than 5 — 1 (fVn difference was obtained in the height of the contractions, even 
after eliciting contractures with solution three times successively in the same heart (taking into 
consideration a ten-minute washing interval). 
In the course of the experiments, the snail hearts were equilibrated in Helix—Ringer 
under uxtgenated conditions fur 2 0 minutes, and then control contraction was recorded in 5 0 
mM K-Ringer. A f t e r washing, the hearts were pretreatcd for 5 to 3 0 minutes in a solution 
(changed several times) containing the appropriate concentration ( 0 — 1 mM) of calcium or 
calcium-substitutc, and a contraction was again elicited with a solution containing calcium 
the same concentration as the incubating solution or calcium-substitute and 5 0 mM KCI, The 
relation of the tw*o contractions was evaluated. In one heart, a lways on!v one control ant! 
one experimental reaction were recorded. General ly the average of at least three parallel ex-
periments was taken into consideration. In the course of the experiments solutions of the 
fol lowing composition were used : 
Ca-Ringer 
CaCl ï 1 0 ,8 0,5 0 ,4 0 . 3 0 ,2 0.1 0 m M 
NaCI 1 1 1 , 1 1 1 1 . 1 1 1 1 , 1 1 1 1 . 1 1 1 1 . 1 1 1 1 , 1 1 1 1 . 1 1 1 1 . 1 mM 
KCl 1 . 8 7 1 . 8 7 1 .87 1 .87 1 , 8 7 1 , 8 7 1 .87 1 .87 m M 
NaHCOs 2 . 3 9 2 ,39 2 ,39 2 . 3 9 2 , 3 9 2 . 3 9 2 , 3 9 2 . 3 9 mM 
E D T A — — — — — — — 1 .5 mM 
The composition of the Ca-50 mM K-Ringer a lways conforms to the calcium content 
of the corresponding Ringer solution, but the concentration of NaCI was only 6 1 . 1 mM. 
The compositions of the 1 . 0.8, 0 .5. 0 .4. 0 .3. 0 ,2 . 0 . 1 mM barium, strontium, magnesium 
Ringers, as we)! as that of the alkaline earth metal ion-50 mM K-Ringer of the corresponding 
concentration were formed in a completely analogous way as described for calcium. In the 
case of strontium NaHCOs was not used. 
In the experiments carried out with I ..iCij. the compositions of the 1 mM Ca-Ringer 
and 1 mM Ca-50 mM K-Ringer were taken into consideration, with the di f ference that 
LaCl j was also added to the solutions, in a quantity of 0 .005 . 0 .02 . 0 .2. 0 .5 or 1 mM and 
N a H C O j was not used. The pretreatment in the La-1 mM Ca-Ringer lasted for f i ve minutes. 
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I s o t o p e e x p e r i m e n t s : A study was made, palailcl with the physiological expe-
riments, of the , w B . i uptake of Helix hearts and the washing out of the isotope. The isotope 
experiments were performed in the same way as the physiological investigations, in 30 ml 
0,3 or 0,1 mM inactive Ba-Ringer. mixed with about 0.6 /<Ci ml **Ba (pH = 7.4, 22 °C), 
The isotope uptake of the hearts and the depolarizing effect of 50 mM K G on the develop-
ment of the uptake were then examined. The uptake is given as a percentage of the incubating 
solution, referred to I mg dry weight. 
Af ter a 45-min. uptake the hearts were washed in 3 0 ml Ca-frec Ringer, for 3 X 1 min. 
The washing out of the isotope in 30 ml Ca-frec Ringer was evaluated on the basis of the 
change in activity (count minute ml). The effect of C a + + on the "°Ba washing out was in-
vestigated. ""Ba was detected via its gamma-radiation, in 0.1 or 0.2 ml organ-bath samples. 
F - l e c t r o n - m i c r o s c o p i c i n v e s t i g a t i o n s : Hie electron-microscopic procedure 
was made in the same way as described in an earlier publication, after being fixed in glu-
tataldehyde-osmium as usual (ERDELVI—HALASI, 1972) . 
Results 
In the first scries of experiments we worked with animals of 3 cm shell 
diameter, investigating the effect of K-Ringcrs of various concentrations on the 
contracture of the heart muscle. The results obtained arc shown in Fig. I, 
taking into consideration the average of five different hearts. In the graph the 
height of contracture is shown measured in mm, after a contracture period of 
I minute, as a function of the extracellular potassium concentration indicated 
on the logarithmic scale. The results, in spite of the different Helix-Ringer 
compositions and the other system of recording, can be compared well with 
the data achieved by B U R T O N and L O U D O N ( 1 9 7 2 ) for membrane depolarization 
and potassium contracture. 
The contracture observed in the 50 NIK K-Ringer was also found by us to 
be rather of a phasic character, in contrast with the barium contracture described 
in our earlier publications, that proved to be of a markedly tonic character 
( E R D E L Y I , 1 9 7 1 ) . There is also a considerable difference in that the spontaneous 
contraction generally undergoes a pause during the potassium contracture, 
whereas in the case of barium contracture it may change hut in continues 
nonetheless. The contracture elicited by 50 mK K-Ringer attains its peak value-
in about 3 0 - 5 0 sec and, after a short plateau, begins a spontaneous ralaxation 
after the end of the second minute. This fast decreasing section of the initial 
phase turns at 50% relaxation into a relaxation of slowly decreasing tone. 
As compared to the fast period, the slow one lasts 5 -10 times longer, reaching 
the base level only very slowly. Such a high insentivity then develops that, 
after a ten-minute washing, no contraction can be elicited in a new 50 mM 
K-Ringer, or only a contraction of very low degree. The spontaneous decrease 
in the potassium contracture was analysed by NIEDERGERKE ( 1 9 6 5 ) in the heart 
of the frog. It is probable that similar factors may play a part in inducing the 
phenomenon here too. 
After a fluid exchange within the two-minute contraction period, and 
after the insertion of a ten-minute washing pause the potassium insensitivity 
is not manifested. Under these conditions, there is no more than a 5 - 1 0 ° / O 
decrease in the height of the contraction elicited subsequently three-four times. 
In the next experimental series we investigated the calcium-dependcnce of 
the potassium contracture and the problem of the possibility of substituting 
alkaline earth metal ions for calcium in the process. In this experimental series 
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wc worked with animals of 4.5 cm shell diameter. The results obtained arc 
shown in Fig. 2. The decrease in the extracellular calcium concentration is 
followed by a decrease in the potassium contracture to I—0 mM and by its 
complete cessation, corresponding to the Ca-dependence of the phenomenon. 
At the various potassium concentrations in the heart of the frog and snail, as 
well as in the radula protractor muscle of Busy con, a contraction curve of 
Con f r o chore 
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Fig. 1. Effect of the extracellular potassium concentration on the contracture of the Helix heart 
muscle. Every point is a mean value of contractions measured on f ive different lic.ir • 
The vertical lines indicate the height of the minimum and maximum contracture; 
obtained in f i v e measurements. 
Fig. 2. Change in the contracture eUcirable by 50 mM K-Ringer. plotted against the con-
centration (Ca'+Je, and (Ba*+)e. X = change in the contracture as a function of the 
extracellular calcium concentration, o = change in the contracture as a function of the 
extracellular barium concentration, i.e. the di f ference uf the two latter curves. = level 
of tonic contracture in Ba-Ringer of different concentrations, at the end of the 30-minure 
pre-incubât ion. A — level of contracture, in the corresponding Ba-50 mM K-Ringer. 
Every measurement is the mean value of the contractions obtained in at least three 
dif ferent hearts. The shell diameter of the animals used in the experimental scries « » 
4 .5 cm. The size of the contraction in the I mM Ca-50 mM K-Ringer, considered as 
control, was obtained from the average of 1 0 measurements as 9 2 mm, S.D. ± 13 . 
Fig. 3. Myof ibcr of the Helix heart ventricle in longitudinal (A. B) and transverse ( O 
sections. The electron micrograph shows the structure of the sarcotubular system. 
M = mitochondrium. SR = transverse and longitudinal tubules uf the sarcoplasmic 
reticulum, S = sarcolcmmal infoldings. T = dilated subsarcolemmat vacuoles, touching 
the membrane surface, 7. — Z-material, mf = myofilaments. Glutaraldehydc-osmiunv 
Confracture 
( m m ) 
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similar type may be recorded as a function of the extracellular calcium con-
centration ( L A M B and M C G U I G A I N , 1 9 6 6 ; H I L L , GRKENBEKG, I R I S A V A , N O M U R A , 
1 9 7 0 ; B U R T O N and L O U D O N , 1 9 7 2 ) , All this shows the possibility of a similar 
mechanism from the point of view of the phenomenon. According to the ge-
nerally accepted opinion, the rise of the ionic calcium level within the muscle 
fibre is the contraction-inducing key factor. On the other hand, the release of 
the sarcoplasmic calcium is influenced by the state of the Ca~'-binding sites 
on the outer surface of the membrane ( G A I N E R , 1 9 6 8 and others). The morpho-
logical basis for the function of both systems in the vertebrate skeletal and 
Fig. 4. Change in the contracture clickable by 5 0 m.M K G , plotted against the extracellular 
barium concentration. 
A. First arrow: ptetreatment in 1 tnM Ba-Ringer for 30 minutes. At the end of the 
thirtieth minute, during recording of the spontaneous contraction, the level of the pen 
arm was artifinally lowered. Second arrow: 1 m\I Ba-50 mW K-Ringer, 
B First arrow: pretreatment in 0.5 m.M Ba-Ringer for 30 minutes. At the end of the 
spontaneous contractions recorded from the thirtieth minote the level of the pen arm 
was artifically lowered. Second arrow: 0.5 m\l Ba-50 mM K-Ringer. 
C. First arrow: ptetreatment in 0.3 mM Ba-Ringct for 30 minutes. Second arrow: 
0.3 mM Ba-50 K-Ringer, Third arrow: beginning of washing in Ca-frce Ringer. Fourth 
arrow: washing in 4 mM Ca-Ringer, Parallel with the physiological experiments the 
LJ)FLBN uptake of the heart and the washing out of the isotope taken up were investigated, 
tin the basis of the activity change in the 0.1, and 0.2 ml samples of the bath. 
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heart muscles is provided by the T-system, ensuring the connection with the 
sarcolcmma, and by the sarcoplasmic reticulum (Phyiol. Symp. 1 9 6 5 , P H I L P O T T 
and G O L D S T E I N , 1 9 6 7 , and others). It is known from N O R T H ' S ( 1 9 6 3 ) publi-
cation that the myocardium of Helix aspersa has a very rich sarcotubular system. 
Practically the same is shown by the electron-micrographs in Fig. 3, as well as 
by S C H L O T E ' S ( 1 9 6 4 ) Figures with regard to the heart of Helix pomatia, too. 
In the longitudinal and transverse sections reported, the transversal and longi-
tudinal arrangement ot the very richly developed sarcotubular system can be 
well seen. The connection of the sarcotubular system with the sarcolcmma is 
very conspicuous here too. Sarcolcmmal in foldings associated with more dilated 
subsarcolemmal vesicles can be observed sporadically. In some places, a con-
nection between the characteristic Z-granules and the sarcotubular system can 
similarly be observed. On the basis of all this, it may be stated that in the 
heart of the Helix, in harmony with the physiological results, the organization 
of the muscle membrane and the sarcotubular system may be compared, in 
a less differentiated form, to those described in the vertebrate skalctal and 
heart muscles. There is, therefore, in essence a suitable morphological basis 
for comparing the similar physiological phenomena. 
Fig. 5. Effects of strontium, barium, magnesium as calcium-substitutes on the potassium contrac-
ture. 
A. First ar row; pretreatmcnt in 0.1 mM Ba-Ringcr for 30 minutes. Second ar row: 
0.1 mM Ba-50 mM K-Ringcr. 
B. First arrow: presentment in 1 mM Mg-Ringcr for 2 0 minutes. Second arrow: 
1 mM Mg-50 mM K-Ringer. 
C. First a r row: pretreatmcnt in 1 mM Sr-Ringcr for 10 minutes. Second arrow: 1 mM 
Sr-50 mM K-Ringer. 
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From among the possible calcium-substitutes, we have investigated in 
detail the effects of the alkaline earth metal ions as these can be considered 
to be in interaction in several objects with various known calcium effects. The 
surface membrane binding sites must be common and, according to the inves-
tigations of PAPAHADJOPOUI os ( 1 9 6 8 ) , H A F E M A N N ( 1 9 6 9 ) , and others, they 
arc probably phospholipids, and oxigen ligands, or more exactly PO^1- groups. 
In the graph shown in Fig. 2, plotted against extracellular barium con-
centration, three different affects arc presented. It can be seen from the first 
curvc that the contracture rises linearly with the logarithm of the barium 
concentration (between 1-0.1 mM), according to the data measured at the end 
of the 30-minure pretreatment (cf. the mcchanograms shown in Fig. 4 too). 
This tonic contracture level till 0.5 m\l Ba-Ringer, as seen from the second 
curve, can be raised to an increasing degree by the 50 mM KCI applied. From 
0.5 mM extracellular barium concentration, however, a decrease takes place 
in the KCI-induccd contracture. The third curvc shows the difference of the 
rwo previous ones, that may be compared with the data obtained for the various 
calcium concentrations. It can be seen from comparison of the two curves that 
the potassium contracture till 0.5 mM (Ca^)c or (Ba2+*)e exhibits a similar 
slope but in a barium-containing medium the contracture level is more raised. 
From 0.5 mM, in the Ca-Ringer, a steep rise follows in the contracture as a 
result of K-depolarization, while in the Ba-Ringer a strong decrease can be 
observed (Fig. 4). 
In the Sr-Ringer a lesser rise in tone takes place as compared with the 
Ba-Ringer. The height of the contracture obtained in 1 mM Sr-50 mM K-Ringcr 
rather resembles that of barium, and is about 20 per cent of the response mea-
sured in 1 mM Ca-50 mM K-Ringer (control). 
in 1 mM Mg-Ringcr the tone falls and after a pretreatment for 20 mi-
nutes the contracture cannot be elicited generally by 50 mM KCI (Fig. 5). 
We have not investigated the Mg-effect in other relations as it is treated in 
detail in the paper of B U R T O N and LOUDON (1972) in connection with calcium 
antagonism. 
it can be seen from the investigations carried out that in the excitation-
contraction coupling of the potassium contracture barium and strontium can be 
substituted partially for calcium. Until 0.5 mM this replacement is very striking, 
following the sequence of the reciprocal hydrated ion-radius: Ba > Sr > Ca » 
Mg. At a higher concentration, there is only a partial replacement, calcium 
coming into prominence and the sequence changing to Ca ^ Ba > Sr is* Mg. 
Both variants belong to the seven sequences actually observed from among the 
twenty-four possible sequences ( W R I G H T and D I A M O N D , 1 9 6 8 ) . To clarify the 
cause of the change in sequence, further investigations arc needed. The reason 
of the change may be that, on proceeding towards higher concentrations, the 
independent contractu re-eliciting effect of the barium ion prevails more and 
more, supposing a mechanism that is different from its calcium-substituting 
part in the potassium contracture and inducing an interaction at the expense 
of the latter. The sequence based on the reciprocal hydrated ion-radius valid 
at 0 . 5 mM extracellular ion concentration resembles the result of PAPPANO 
( 1 9 7 0 ) , who found the same ionic sequence to be valid in the re-establishment 
tendency on the action potential of the K-depolarized guinea pig atrial muscle. 
At the same time, it differs from the data published by FRANK ( 1 9 6 2 ) for the 
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toe muscle of Rana pipiens and by G A I N E R ( 1 9 6 8 ) for the muscles of the 
lobster. 
For barium or strontium ions to replace calcium in analogous processes, 
their uptake in the membrane binding sites must be assumed and. owing to 
the K-depolarization of the membrane, a change is to he expected in the 
uptake. Experimental investigations were made of the barium ion uptake and 
the possibility of washing out the isotope taken up. The isotope experiments 
were carried out under the same conditions as the physiological ones, in 0,3 or 
0.1 mM Ba-Ringer with 30 ml total volume (pH = 7.4, 22°C). ""Ba was added 
to the inactive carrier in a quantity of about 0.6 //Ci ml. The uptake was 
plotted against time, as a percentage of the incubating solution, referred to 
1 mg dry weight. The results are shown in Fig. 6. It can be seen well that till 
the thirtieth minute, in the period of pre-incubation, in the probably two-
compartment systems, the uptake for both concentrations (0.3 and 0.1 mM 
BaCl;,) approximately attained the saturation value. Corresponding to the more 
increased rise in tone, the uptake is stronger at the higher Ba-con;entration 
(cf. also Figs, 4. C and 5. A). The depolarization elicited by 50 mM KC1 increases 
the lJ°Ba uptake, corresponding to the stronger contracture, in 0.3 mM Ba-
Ringer to a greater extent. In the last seCtion, the decrease in the uptake 
coincides with a spontaneous decrease in the potassium contracture. 
Fig. 7 shows the washing out of N"Ba plotted against the time, in the 
JNCJBALION ' O'- %/MQ VTIQM 
Fig. 6. Change in the l w B a uptake tif the Helix hearts plotted against time. 0 = in 0.3 mM 
Ba-Ringer, Q = in 0.1 mM Ba-Ringer. At the point of time marked with an arrow, 
50 mM KC1 was put into the organ hath. Every point is the mean value of three 
parallel experiments. The intubating solution contained about 0.6 /¿Ci/ml 1,lflBa (pH = 7.4. 
Fig. 7. '"Ba wash-out curve plotted against time. After uprakc for 45 minutes, the washing 
out began in a Ca-free Ringer. At the point of time marked with an arrow. 14 mg 
CaClj was mixed with 30 ml organ bath, corresponding to 4 mM Ca-Ringcr. Every 
point is the mean value of three parallel experiments CpH = 7 . 4 , 22°C). 
c »s M as JO 35 «c .1 I t * , , * , . , 
10 15 ÎÛ IS JO J1 «5 
Fig. 6 Fig- 7 
22 ° Q . 
1 8 6 L. F.ROÊLY! 
Ringer of 0.3 mM liaCL content, after an uptake for 45 minutes. Washing out 
took place in 30 ml Ca-free Ringer, after being rinsed three times for one 
minute each. At the point of time marked with an arrow 14 nig CaCI2 was 
added to the Ca-free Ringer, corresponding to 4 mM Ca-Ringer. According to 
the antagonism of the two ions demonstrated earlier (ERDELYI , 1968), the loss 
4 i[ . «w 8 / J 
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Fig. 8. Effect of change in extracellular lath an um concentration on the potassium contracture. 
A. First arrow: control contracture in 1 mM Gi-50 mM K-Ringer. Then a 10-minute 
washing period followed. Second arrow: 5-minute pretreatment in 0.5 mM La-I mM 
Ca-Ringer. Third arrow: 0.5 mM La-1 m M Ca-50 mM K-Ringer. 
B, First arrow: control contracture, as under ..A". Second arrow: 5-minute pretreatment 
in 0.2 m M La-1 m M Ca-R ¡tiger. Third arrow: 0.2 m M La-1 m M Ca-50 m M K-Ringer, 
C. First arrow : control contracture, as under ,,A". Second arrow : 5-minute pretreatment 
in 0.02 mM La-1 mM Ca-Riiigcr, Third attow: 0.02 mM La-1 mM Ca-50 mM K-Ringer. 
D, First arrow: Control contracture, as under „A". Second arrow; 5-minute pretreatment 
in 0 .005 m M La-1 mM Ca-Ringer. Third arrow: 0.005 mM La-1; mM Ca-50 mM 
K-Ringer. 
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of ''"'Ba increases, and the tone in the mechanogcam decreases. Parallel with 
the advance in time of the assumed Ba1+-Ca2+ exchange in the binding sites, 
besides the decrease in tone, the spontaneous activity of the heart is increasingly 
restored too (Fig. 4, C). 
In the further experiments, in 1 tnM Ca-50 mM K-Ringcr, from 0.005 till 
1 mM, the effect of the extracellular lanthanum concentration on the potassium 
contracture was investigated. It is known that lanthanum, the ionic radius of 
which is close to that of calcium, and which forms stronger bonds, can be bound 
to the surface binding sites of the membrane, in this way interacting with 
calcium in the excitation-contraction coupling ( S A N B O R N and L A N G E R , 1970: 
G O O D M A N and W E I S S , 1971). 
Fig. 8 shows the effects of different (La'1+)t concentrations in the heart of 
the edible snail. The first curve is always the control contracture, in 1 mM 
Ca-50 mM K-liinger. The second curve shows the contracture obtained with 
50 mM KCI, after 10 min washing and 5 min lanthanum-prctreatmcnt in a 
Ringer of appropriate lanthanum content. In each of the hearts, here too, only 
the effect of one lanthanum concentration was investigated, in at least three 
parallel experiments. The data obtained are illustrated graphically in Fig. 9. 
The Figure shows the change in the contracture as a percentage of the control. 
IOOJV, Rejponj« 
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Fig. 0. Effect of the external lanthanum concentration on the contracture elicited in 1 mM 
Ca-50 mM K-Ringcr. The results are expressed as a percentage of the control. Every 
point is the mean value of three experiments. 
plotted against 0 . 0 0 5 - 1 mM extracellular lanthanum concentration. It can be 
seen in the graph that an inhibition higher than 5011/« was not obtained in the 
contracture elicited by 50 mM KCI, even in the case of the largest lanthanum 
concentration applied. In spite of the different KCI concentrations, these data 
show a fairly good agreement with the results of G O O D M A N and W E I S S ( 1 9 7 1 ) 
for mammalian vascular smooth muscles and other smooth muscles. The only 
difference is that, up to 1 mM lanthanum concentration the authors cited 
observed a stronger inhibition in the objects investigated than we did in the 
Helix heart. According to the Figure, in the Helix heart essentially two sections 
L. EHDFILYI 
can be distinguished in the potassium contracture, plotted against the extra-
cellular lanthanum concentration. One of the sections lasts till 0.2 mM lantha-
num concentration. Here a considerable decrease in the contracture can be 
observed. Later, towards higher concentrations the slope of the curve ts reduced, 
the process of inhibition becomes slower and there is no stronger inhibition 
than 50"/« even in a domain of higher than 1 mM concentration. It is shown 
by all this that the Helix heart is less sensitive to the influence of this ion 
than the vertebrate muscles arc, and that in this object the lanthanum ion is 
in direct interaction with only few Ca:+-binding sites. 
Discussion 
It can be considered as a physiological phenomenon of general validity 
that if any muscle is put in a medium of excess potassium, after the membrane 
depolarization a contraction follows, as a function of the extracellular potassium 
concentration. Similarly to the data published for the vertebrate muscles, this 
is essentially valid for the various molluscan muscles, too ( O Z E K I , 1 9 6 4 ; 
N O M U R A , 1 9 6 5 ; H I L L , GREENBERG, I R I S A W A , N O M U R A , 1 9 7 0 ; B U R T O N a n d 
L O U D O N , 1 9 7 2 ) , In bringing about the contraction the extracellular potassium 
concentration plays a definite part. This is shown by the experiments that 
analyse the change in potassium contracture as a function of the (Ca2+)e con-
centration. In this relation there can also be established a considerable rescmb-
lanse in the hearts of the animals belonging to various branches. The similarity 
of the physiological phenomena supposes the possibility of identical mechanisms 
in the excitation-contraction coupling. In this relation, the regularly arranged 
sarcotubular system, demonstrated from the heart of the Helix pomatia. may 
play the intermediary part which must be assumed on the basis of the investi-
gations carried out on vertebrate muscles (Physiol. Symp. 1 9 6 5 , PHILIPOTT and 
G O L D S T E I N , 1 9 6 7 ; H O E M A N N , 1 9 6 9 ; JOHNSON a n d L IEBERMAN, 1 9 7 1 ; a n d 
others). It seems that in bringing about the contracture, that is in releasing the 
intracellular ionic calcium, apart from the sarcotubular system, the Cai+-binding 
sites localized on the membrane surface also play a considerable part. It has not 
yet been cleared up completely as to how these two mechanisms co-operate. 
At any rate it is probable that a possibility of activating and inactivating me-
chanisms must he supposed here too {BEELER and R E U T E R , 1 9 7 0 , and others). 
Taking into consideration the nature of the surface Cai_:~-binding sites or stores, 
the difference established between the hearts of frogs and snails, as well as in 
the case of the lobster muscle, in the relation of the antagonistic actions of 
Ca-Na, Ca-Mg, or Ca-K in the competition for the identical binding sites, is 
noteworthy ( N O M U R A , 1 9 6 5 ; G A I N E R , 1 9 6 8 ; B U R T O N and L O U D O N , 1 9 7 2 ) . 
It is shown by our experiments on the potassium contracture that these 
important Ca'+'binding sites or stores may interact with each of the alkaline 
earth metal ions. But the connection between the alkaline earth metal ion and 
the surface membrane binding site does not induce favourable conditions to an 
equal extent for bringing about the excitation-contraction coupling. In this re-
lation, both the cation configuration and the force of the binding site created 
may be a determining factor. With each alkaline earth metal ion an interaction 
can take place that is similar to that with the calcium ion. This conclusion can 
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be drawn from the isotope experiments with the barium ion, in so far as the 
N<1Ba uptake was increased by the K-depolarization while the washing out of 
the isotope taken up was accelerated by the increased extracellular calcium 
concentration, corresponding to the antagonism of the two ions. Different con-
centrations of the various alkaline earth metal ions must be regarded as optimum 
from the point of view of the function of the excitation-contraction coupling. 
This may be concluded from the change in ion sequence taken as a function 
of the extracellular concentration. Up to 0.5 mM, the ionic sequence based on 
the reciprocal hydrated ion radius prevailed, that is Ba Sr > Ca Mg. 
From 0.5 mM this changed in favour of the calcium ion, and the sequence 
Cass* Ba > Sr »»Mg prevailed, with a strong decrease of the calcium-sub-
stituting role of the other alkaline earth metal ions. As several effects of the 
alkaline earth metal ions on biological systems are known including the action 
potential, the influence exerted on the membrane permeability, membrane 
resistance, metabolism, etc., the phenomenon produced is more complicated 
than the interaction brought about with the surface Ca^—binding sites or stores. 
It seems to be probable that the lanthanum ion is associated with essentially 
the same calcium-sensitive membrane binding sites or stores through which the 
extracellular calcium ion exerts its regulative effect upon the excitation-cont-
raction coupling ( G O O D M A N and W E I S S , 1 9 7 1 ) . By means of its stronger 
binding, the trivalent lanthanum ion may fix these membrane binding sites in 
a configuration established so firmly that they cannot completely fulfil their 
physiological part in the mechanism of releasing the intracellular calcium ion. 
This phenomenon may be brought into connection with the effect of the lan-
thanum ion in inhibiting the potassium contracture, that is similarly to a 
certain extent a function of the extracellular lanthanum ion concentration. 
It seems that the mammalian muscles arc more sensitive to lanthanum, for 
the lanthanum ion concentration that resulted in a 10O^o inhibition of the 
potassium contracture in the mammalian muscle, could not inhibit the contrac-
tility of the heart by more than 50Vn in the Helix heart. All this indicates the 
supposed differences as regards the density of the binding sites and the sen-
sitivity of the binding site populations. 
Summary 
A study was made of the effect of the extracellular potassium concentration 
on the Helix heart contracture, and the calcium-dependence of the phenomenon. 
As regards the potassium contracture, the calcium-substituting capacity of the 
alkaline earth metal ions was examined. In this respect, a concentration-
dependence was ascertained in the case of barium and strontium. Up to 0.5 mM, 
bot alkaline earth metal ions were found to be effective calcium-suhstitutes. 
At 1 mM, however, only a partial calcium replacement of a strongly reduced 
degree is found. On the basis of data measured at a 0.5 mM alkaline earth 
metal ion concentration, the effect exerted on the potassium contracture follows 
the sequence of the reciprocal hydrated ion radius: B a ^ S r > C a ^ Mg, 
At 1 mM this sequence changes, the calcium ion coming strongly into pro-
minence: Ca»> Ba > Sr Mg. In the excitation-contraction coupling the mag-
nesium ion is practically unable to play the part of a calcium substitute. 
L. ERO i tY l 
The barium cffcct is probably associated with the surface membrane Ca:+-
hinding sites. This can be concluded from the isotope experiments in so far as 
the K-depolarization, like calcium, can increase the 1JJBa uptake, while the 
washing out of the isotope taken up is considerably increased by raising the 
extracellular calcium concentration, corresponding to the antagonism of the 
two ions. 
The lanthanum ion (0.005-1 mM) could inhibit the potassium contracture, 
in an interaction with the surface membrane Cai!~-binding sites or stores, but 
to a lower degree than expected, up to a maximum 50"/o. This points to the 
lower sensitivity of the Helix heart, as compared to vertebrate muscles. 
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Introduction 
G R A Y ( 1 9 6 2 ) first suggested the possiblity of distinguishing the excitatory 
or inhibitory natures of neural connections on the basis of the ultrastructural 
characteristics of the synapses. The combined aldehyde-osmium fixation method 
( U C H I Z O N O , 1 9 6 5 ) soon became one of the routine electron-microscopic pre-
paratory procedures, and provided a new possibility- for the distinction on the 
basis of the difference of the vesicle forms of the presynaptic element. After 
further work, doubt arose as to the application of the above possibilities, but 
according to present knowledge certain centra! and peripheral nervous system 
synapses can be well charaterizcd fine-structurally. 
This paper wishes to draw attention to synapses observed on the soma 
of the neurones of the rat olfactory bulb; the inhibitory nature of these is 
suggested on the basis of fine-structural criteria and earlier physiological 
observations. 
Materials and Methods 
14 fully developed (4—6 months old) albino rats were used in the study. The animals 
were anaesthetized with Nembutal and perfused for 30 minutes. The olfactory bulb was 
removed, segmented with orientation, and submitted to immersion fixation in a solution 
orepared according to KARNOVSKY (1956). This w'as fo l lowed by post-fix at ion for 30 minutes 
In a buffered l°/e OsO^ solution (MILUONIG, 1962), dehydration in the usual manner, and 
embedding in araldite (Durcupan. Ftuka). Sections were prepared on a Tesla ultrotome. Semi-
:hin (0.5—0.7 it) samples were prepared simultaneously with the thin sections, and the 
electron-micros cope studies were checked continually with the help of these. Photographs were 
taken on Tesla BS 242 D and J l iOI . 100 B electron-microscopes. 
Results 
The fine-structural characteristics of the structure of the rat olfactory bulb 
have aroused the interest of many research workers. One of the relevant papers 
( A N D R E S , 1965) presents a detailed analysis of the structure of olfactory bulb, 
the neurones and glia cells of its layers, and some of its synapses. It is known 
from the above work too that on proceeding inwards one encounters in the 
olfactory bulb a layer of fila olfactoria, and the glomerular, outer plexiform. 
1 9 4 N. HALÁSZ 
mitral, inner plexiform and granular layers. Our work deals with the synaptic 
relations of the mitral, tufted and granular cells, and with the three characte-
ristic neurones of these layers, with particular regard to the synapses on the 
soma. 
FIR. T. Mitral cells on semi-thin section (toluidinc bloc staining). N = nucleus, c = capillary. 
Fig, 2. Electron-microscope picture of mitral cell. N = nucleus, Lv = lysosomc. M = mito-
hondrium, GER = granulated endoplasmic reticulum. Go = Golgi apparatus, n = nerve 
fibre. The arrow indicates the synapse. 
The mitral cells (Figs. 1—2) are arranged in a single row of cells; their 
axons are grouped in the lateral olfactory tract; branching in the region of the 
glomerulus olfactorius, their main dendrites receive the excitatory impulses of 
the fila olfactoria, while their secondary dendrites form numerous synapses 
with the processes of the granular cells in the str, plexiforme externum. The 
perikaryon is richly provided with cytoplasmatic organelles (Fig. 2), and nerve 
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fibres frequently lie close enough to its enormous external surface to he suitable 
for the formation of synaptic connections (Figs. 2—4). in the connection of the 
perikaryon and its environment one can observe a synapse from the perikaryon 
towards the nerve fibre (GravTI type), and also connections of the nerve 
fibres, presumably polarized in the direction of the perikaryon; the two cai 
sometimes be observed side by side in the form of a reciprocal synapse. We 
shall deal here only with the synaptic systems polarized towards the soma. 
These synapses (Figs. 2-4) are characterized by the fact that the aldehyde-
osmium fixing method used reveals ovoid vesicles in them. The density of the 
vesicles is variable: they sometimes fill the whole of the fibre (Fig. 3), while 
at other times they can be observed only sporadically (Figs. 2 and 4). Round 
and ovoid vesicles appear among them in various proportions. The exact 
spheroidal-ovoid ratio can be determined only with a goniometer. Neverthelles, 
Figs. 3—4. Grcy-11. type synapses on soma of mitral cells. M — ni¡tniliniuit!.un, sv = synaptic 
ves:des. cb = mitral perikaryon, r — ribosomcs. 
N, HA I. ASZ 
the size of the ovoid vesicles is always less than that of the round vesicles, 
and independently of the form they can be identified with certainty in the given 
plane. 
t-'ig. 5. Tufted tell nn semi-thin set.inn. The arrow indicates the nucleus of tr.e tufted cell. 
Figs. 6—7, Synapses on body of tufted tells. M = mitochondrium, sv = synaptic vesicles, Ly = 
jysosomc, r — ribosomes. 
The tufted cells (Fig. 5) are found in the region of the str. plexiformc 
externum, and are often difficult to distinguish from other cell types. The light-
and electron-microscope studies carried out in parallel provide a good possibility 
for the elimination of this source of errer. The cytoplasm nucleus rario for the 
tofted cell is less than that for the mitral cells, and the size of the cells too is 
variable. Many nerve fibres reach at the perikaryon, similarly to that of the 
mitral cells, and here too synapses polarized towards the perikaryon are fre-
quently found (Figs. 6-7), and in places may be considered as reciprocal. The 
vesicle density of the nerve fibres too is similar to that of the fibres connected 
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to the mitral cells discussed above, but at the same time a greater number of 
the vesicles exhibit a flattened form. The position of the vesicles varies: they 
can be observed rarely in the vicinity of the synaptic thickening (Fig. 7), but 
they never come into such an intimate connection with the presynaptic membrane 
as usual in the Gray-I type synapses. 
The granular cells are small neurones arranged densely beside each other; 
it appears from a light-microscopic photograph of a semi-thin section (Fig, 8") 
as if the celi nuclei were in contact with each other. It turns out from electron-
microscope photographs that the cell nuclei (Figs. 9-12) arc surrounded by only 
a very thin cytoplasmic border, the thickness of which is sometimes less than 
0.2 f t . In this thin cytoplasm only very few organelles can be seen. Nor is 
Fig. 8. Granular cells on section stained with toluidinc blue. 
Fig. 9. Electron-microscope picture of granular cells. 
Fig. II)—12. Synapses on perikaryon of granular cells. N = nucleus, cb = granular perikaryon. 
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there an abundance of granular cells in the synapses. The observed synapses 
were always found to be unidirectional, that is to be polarized from the nerve 
fibre towards the cytoplasm of the granular cell. The vesicle density was 
variable, while the pre- and postsynaptic membranes were thickened to the 
same extents. Based on their size and form, the vesicles can be classified in 
the ovoid category. 
Discussion 
As mentioned in the introduction, the aim of this work was to characterize 
the synapses observed on the soma of some neurones of the rat olfactory bulb, 
on the basis of morphological criteria and earlier physiological studies. 
Of the different fine-structural criteria of the synapses, attention was 
drawn by G K A Y ( 1 9 6 2 ) primarily to the different natures of the synaptic 
thickening, when he found that the synapse types reported three years previously 
( G R A Y , 1 9 5 9 ) in the cat spinal cord could be correlated with the excitatory 
or inhibitory natures of these same synapses. This assumption was supported by 
the results of E C C L E S ( 1 9 6 4 ) , The characteristics of the membrane specialization 
were also observed by COLONNIER ( 1 9 6 8 ) . The introduction and application 
of the aldehyde-osmium fixation method permitted a generally consistent 
distinction between the forms of the synaptic vesicles ( U C H I Z O N O , 1 9 6 5 , 1 9 6 6 : 
BODIAN, 1 9 6 6 ; W A L B E R G , 1 9 6 6 ) . Nevertheless, a distinction based on the 
different forms of the vesicles can not be the only basis for the structural 
classification of a synapse: a number of papers have drawn attention to this. 
Thus, relations have been found between vesicle form and age ( L A R R A M E N D I 
et al,, 1 9 6 7 ) , and between form and osmolality conditions ( B O D I A N , 1 9 7 0 ; 
V A L D I V I A , 1 9 7 1 ) ; as regards certain synapses, however, the relations between 
ovoid vesicle and inhibition, and spherical vesicle and excitation is dubious 
( P A I T A S , 1 9 6 6 ; PAPPAS and BENNETT, 1 9 6 6 ; M U C N A I N I , 1 9 7 0 ) . These examples 
emphasize the importance of taking into account not only the vesicle form, but 
also the type of synaptic thickening; as proved by re:ently published correlations, 
the two characteristics together can lead to a correct classification with a fair 
degree of certainty. 
PRICE ( 1 9 6 8 ) characterizes the reciprocal dendrodendritic synapses of the 
rat olfactory bulb in agreement with electrophysiological measurements, and 
characterizes the excitatory synapsing region by the joint occurrence of asym-
metric thickening and round vesicles, and the inhibitory synapsing region by 
symmetric synaptic mebrane thickening and flattened synaptic vesicles. After 
aldehyde-osmium fixation, W E S T R U M ( 1 9 6 9 ) generally found flattened synaptic 
vesicles in the Gray-II type synapses of the rat prepyriform cortex. In an earlier 
publication ( H A L A S Z and C S I I . U K , 1 9 6 9 ) , we too reported a similarly good 
correlation for the rat cerebellum region, while PINCHING ( 1 9 7 0 ) found a 
connection between the excitatory and inhibitory synapses and their structures 
in the synapses of the glomerular layer of the rat olfactory bulb. In support 
of the previous correlations, we have also found the grouping of the vesicles 
to be characteristic of excitatory and inhibitory, in the two types of synapses 
(HAL.ASZ, in press). According to our observations, which are supported by 
the present work, the ovoid vesicle form and symmetric synaptic thickening are 
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not accompanied by the characteristic grouping of the synaptic vcsiclcs beside 
the presynaptic membrane, as observed in the Gray-I type synapses. 
A number of papers discuss the synaptic relations of the mitral, tufted and 
granular cells of the olfactory bulb at the light- and electron-microscope levels. 
According to C A J A L ( 1 9 1 1 ) , the tufted cell axon may terminate on the peri-
karyons of the mitral cells. The observation of a reciprocal synapse in the same 
region is reported by H I R A T A ( 1 9 6 4 ) and A N D R E S ( 1 9 6 5 ) ; PRICE and POVCELL 
( 1 9 7 0 ) also observed synapses on the soma of the mitral cell. According to 
W I L L E Y ( 1 9 6 9 ) all of the synapses to be found on the mitral cell arc reciprocal; 
similar conditions can be concluded from our earlier studies (HALÁSZ , in press), 
but of these only the nerve fibre — mitral cell polarization is dealt with in the 
present work. In addition to the excitatory impulses picked up by the main 
dendrite on the mitral cells, an inhibition too is displayed; but the means of 
transmission of this inhibition to the mitral cell is debatable. The existence of 
the inhibition is proved with regard to the granular dendrite — mitral secondary 
dendrite in the reciprocal dendrondritic synapses of the str. plexiforme externum 
( SHEPHERD, 1 9 6 3 ) . it is probable that at the same time the mitral cell receives 
an inhibition on the perikaryon too. The synapsing nerve fibres found here 
by us can be characterized by the ovoid vesicles, the symmetric synaptic 
membrane thickening and the scattered arrangement of the vesicles. Based on 
the above observations and the results provided by the physiology, we consider 
these nerve fibres to be inhibitory. This nerve fibre may originate from an 
interneuronc, whether that be the granular cell or one of the short-axon cells 
(PRICE a n d P O W E L L , 1 9 7 0 ) . 
The synaptic relations of the tufted cells are less well elucidated. Some 
hold the view that the tufted cell is to be interpreted as a secondary neurone 
similarly to the mitral cell, on the grounds that it may be excited in a similar 
way to the mitral cell (NlCOLL, 1 9 7 2 ) . An inhibitory effect has also been 
demonstrated on their secondary dendrites ( R A L L ct al., 1 9 6 6 ; W E S T E C K E R , 
1970. According to other conclusions, the tufted cell is a modified periglomerular 
cell, and thus an interneuronc, as supported by the studies of HINDS ( 1 9 7 0 ) . 
This latter assumption docs not exclude the possibility that the soma may 
receive inhibitory impulses, as occurs in the case of other interneuroncs in the 
glomerular layer of the olfactory bulb ( P I N C H I N G , 1 9 7 0 ) . At the same time, 
the structural characteristics seem clear-cut. On the above basis, the observed 
synapses are classified as of an inhibitor)' nature. 
The positions of the fibres of the granular cells were determined by C A J A L 
( 1 9 1 1 ) . Accounts of the soma synapses have also been published by H I R A T A 
( 1 9 6 4 ) and A N D R E S ( 1 9 6 5 ) . H I R A T A ( 1 9 6 4 ) referred to the possibility that 
this connection might be inhibitory. It does not emerge from the 0s04-fixed 
material of A N D R E S ( 1 9 6 5 ) which conception may be supported on the basis of 
the visccle form of the synapse in question. In the present work it is considered 
that the characteristics of the inhibitory synapses are disclosed on the fibre 
synapsing with the granular perikaryon. The fibre may he a part of an inter-
ncuronal system similar to that found by PINCHING ( 1 9 7 0 ) in the glomerular 
layer of the olfactory bulb. Electrophysiological studies arc called for to clarify 
the further characteristics of these neuronal cycles, as has already been done 
with regard to the primary neurones of the olfactory bulb. 
2 0 0 N. HALÁSZ 
Summary 
The synaptnlogical relations of the mitral, tufted and granular cells of the 
rat olfactory hulb are dealt with. Based on the synaptic thickening, and the 
form and position of the vesicles, it is found that the nerve fibres synapsing 
with the perikaryons of the above cells may be of an inhibitory nature. This 
assumption is discussed in connection with the relevant electrophysiological 
results. 
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MACROCEPHALIC AND „AVAR PERIOD" MONGOLID 
ANTHROPOLOGICAL FINDS FROM WOIWODINA 
G Y . F A R K A S 
De par l men l of Anthropology, Attila József University, Szeged 
(Received July 10, 1 972 ) 
On tlic occasion of a study-tour in Jugoslavia in 1971 1 had an opportunity for having 
a look of the anthropological materials of the museums in Woiwodina. In spite of the low 
number of the finds I managed to investigate some skeletons being of interest from the point 
of view of physical anthropology. In this short account 1 should like to describe three artificially 
deformed (macrocephalic) crania and two finds of ,, Avar- period' Mongol id type. 
Description of the finds 
In the collection of the Town Museum in Subotica there are two macro-
cephalic crania having been rescued by the archeologist L . SZEKERES . There 
are not any reliable data to determine their archeological ages. We shall give 
a detailed description of them as follows. 
Find-spot: Subotlca-Sándor Co-operative Home. 
Date of discovery is probably 1950. 
Cranium in very good state of preservation, age of death about 29 years. 
On the basis of the value - 1 . 3 of the sexual coefficient ( F A R K A S - L E N C Y E L -
M A R C S J K , 1 9 7 2 ) the cranium represents a hyperfeminine character, according 
to what we determined it as a female. 
On the basis of absolute sizes the cranium is short (Fig. 1), narrow, high, 
oligencephalic, the forehead is narrow, the whole face and the upper face are 
high, mcsognathous. According to the indices (Table t) it is brachycranic, hypsi-
cranic, acro;ranic, mctriometopic, hyper lep t op rosopic, Icptcne, mesoconch, mc-
sorrhine, mesostaphyline. 
There is ossa Wormiana in the sut. lambdoidea. Though the aberration of 
the teeth has started, M3 has developped only in the upper set of teeth. The 
upper link I[ can he considered — ill spite of the aberration — as shovel-shaped. 
The nasal bones are wide and they reach up high in the frontal bone. The 
cranium is plagioccphalic at the occipital region, as well as at the right pars 
lambdica and pars obelica of the sut, lambdoidea. At both sides from the middle 
line of the os frontale the bone is flat, and next to the sut. coronalis there is 
a well perceptible hollow in the occipital direction. At the occlusion of the 
teeth-curves opisthodontia can be observed. 
The g—I length is 147 mm, the basion-antibasion distance is 144 mm, 
the value of the index of deformation is 197.96, which represents - according 
GY. FAR HAS 
to the scheme of Octteking and Ginzburg-2irov (LIPTAK, 1961} - a macro-
cranic, that is moderately deformed cranium. On the basis of the basion-anti-
basion absolute size - according to the scheme of Ginzburg - the cranium is 
greatly deformed. Considering that the latest value, however, depends also on 
the taxonomical characteristics of the cranium, we think the conclusion made 
on the basis of the index is more acceptable. 
Fig. 1 Macroccphalk cranium of a female (Subotica—San dor Co-operative Hume) 
Drawing conclusions from the morphological characteristics of the cranium, 
the deformation must have been a circular one having done by pressing down 
the frontal bone and the occipital bone with the aid of a flat object pushed 
a little bit to the right, then tying them up, but a binding must have been 
certainly also behind the sut. coronalis. 
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Table 1 . Metrical and morphological characters of the finds 
Su botica 
No. of Batik a Topo la 
measurements Sándor Hussar- A d a 
2. (Martin) Co-op. barrack 1. 
Home 
1. 1 5 4 1 5 3 171 1 8 7 1 7 4 
l c . 1 4 3 1 5 2 1 6 2 1 7 5 1 6 7 
5. 9 6 — — 99 1 0 1 
8. 1 2 7 1 4 0 1 4 6 1 4 7 1 4 1 
9. 8 4 78 8 6 99 91 
17. 1 3 8 — — 1 3 7 1 2 8 
20. 1 1 8 — — 1 1 8 1 1 3 
32a. 4 9 — — 51 50 
38 . 1 0 5 0 — — 1 4 6 7 1 2 6 5 
40 . 92 — — 1 0 2 1 0 1 
45 . 121 — — 1 4 6 1 2 9 
46 . 96 7 2 — 1 1 0 1 0 9 
47. 1 1 8 — — 1 3 1 1 1 4 
48. 72 — — 7 8 73 
5 1 . 39 — — 38 37 
52. 3 2 33 — 3 2 32 
54, 2 6 18 — 3 1 29 
55. 53 39 — 51 52 
62. 4 6 32 — 4 6 4 5 
63, 3 9 30 — 4 2 4 2 
65. 1 1 4 — — 1 3 6 1 2 0 
66. 96 — — 1 0 3 97 
69. 3 1 — — 42 30 
70. 58 — — 72 62 
7 1 . 31 — — 3 8 3 7 
72, 81 — — 81 85 
8 : 1 82 .5 91 5 8 5 . 4 7 8 . 6 81.(1 
1 7 : 1 8 9 . 6 — — 73 .3 73 .6 
17 : 8 108 .7 — — 93.2 90 .8 
9 : 8 66 .1 — 58 .9 67 .4 64 .5 
47 r 45 97 .5 — — 8 9 . 7 88 .4 
48 t 45 59 .5 — — 53,4 5 6 . 6 
52 : 51 80 .1 — — 8 4 . 2 86 .5 
54 : 55 49 .1 46 .2 — 6 0 . 8 55 .8 
63 : 62 94 .8 93 .8 — 9 1 . 3 9 3 . 3 
N. vert . , Ov. Pent. 
Glabel la 1 1 2 3 1 
Sp. nas. ant. 2 3 — 1 1 
Pr. occ. ext. 1 0 2 2 1 
Prnjjn. alv. 2 1 — 3 3 
Fossa can. 3 1 — 2 1 
Age 29 6 75 60 29 
Sexual is. — 1,3 — 4- 1 .5 -1- 1.4 — 1 .0 
The nasal bones reaching far up. the high corpus mandibulae, the shovel-
shaped for-reetii all represent at least europo-mongolid characteristics from the 
point of view of racc-diagnistics (LIPTAK, 1971). 
Find-spot: Subotica-Hussarbarrack. 
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The find came to the light in 1963 and it is to be dated from the Avar 
period. Also this cranium is deposited in the Town Museum in Subntica. 
Fragmentary calvarium in good state of preservation. As among the 
permanent teeth the eruption of M, has not been completed, the age of death 
concerning this find can be estimated at 6 years. Sex cannot be determined 
with absolute certainty. 
On the basis of the indices the cranium (Fig. 2) is hyperbrac'iycranic and 
stenomctopic. 
Fig. 2. Microcephalic cranium of a child (Subotica—Hussarbarrack) 
Above the tubcra frontalia, at the bregma-region, the region above the 
lambda-point and that being in lateral direction from both of the branches of 
the sut. lambdoidea the cranium is extremely flat. That is why the tubcra 
parietalia, tubcra frontalis and the region in front of the bregma arc con-
siderable protruding. The way the deformation was completed is very similar 
to that of the cranium from Ada that will be desribed as follows. 
Being of interest from the point of view of paleopathology, there are 
cribra orbitalia at both of the orbits, which may represent the cause of death. 
Find-spot: Ada. 
There arc not any exact archcological data concerning this find. At the 
present time the cranium is deposited in the Woiwodina Museum (Novi Sad), 
its rescue is owing to the archcologist S. N A G Y . 
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The cal varia in question is one with extremely strong walls, in very good 
state of preservation (Fig. 3). On the basis of the grade of obliteration of the 
sutura the age of death can be estimated at 75 years. The sexual coefficient is 
Fiji, 3. Macrncephalic cranium if a nalc (Ada) 
+ 1.5, that comes near to the complex of hypermasculine characteristics, so we 
determined it as a male. 
On the basis of the absolute sizes, the cranium is short, medium wide, the 
forehead is narrow. According to the index it is hyperbrachycranic, stcnome-
topic. 
In the sut. lambdoidea there is ossa Wormiana. The occipital bone is 
cone-shaped. 
Its deformation seems to be more considerable, than that in case of the 
find having come to light at Subotica-Sandor Co-operative Home. There Is 
a fairly big hollow to be observed through the forehead and the bregma-region, 
as well as under the protuberantia occipitalis externa. Also in this case the 
deformation must have been a circular one, completed, however, by a different 
method. One of the bindings must have been through the frontal bone and 
under the protuberantia occipitalis externa. As at both the sut. lambdoidea 
and the protruding occipital bone there are flattening to be observed, we 
suppose that in this place the cranium was pressed down by three flat objects. 
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Find-spot: Backa Topola. 
The rescue of the finds (number 1 and 2) from an authentic Avar cemetery 
is due to the archeologist L. SZEKERES. Since 16th August 1958 they have 
been deposited in the Museum of Subotica. 
Find No. 1 is a cranium in very good state of preservation (Fig. 4), its 
age of death can be estimated at 60 years, and its sex - according to the 
masculine and hypermasculine characteristics - can be determined as a male. 
On the basis of absulote characteristics the cranium is of medium length, 
medium breadth, medium high, aristencephalic, the forehead is medium wide, 
bizygomatic breadth is large, the whole face and the upper-face are high, 
mesognathous. 
On the basis of indices it is mesocranic, orthocranic, metriocranic, metrio-
metopic, mesoprosopic, mesene, mesoconch, hyperchamaerrhine, brachystaphyline. 
Fig. 4. Mongolid cranium of a male (Backa Topola, No. 1) 
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In the area of palatum durum, at both sides of sut. palatina torus sagittalis 
of medium size has been found. 
The alveolar part of maxilla is high and a well developed sulcus praena-
salis can be felt. Great os epiptericum on the right pterion. Beneath the glabella 
supranasal remains of frontal bone. At the occlusion of the two rows of teeth 
there is psalidontia. The bones of the nose are relative wide and reach the 
area of os frontale. 
As for taxonomy first of all Lipták's studies have been considered (LIP-
TÁK, 1959), according to which it bears the characteristics of the Sinid race 
belonging to the Mongolid race. 
Find No. 2. is a cranium of very good preservation. On the basis of its 
characteristics the age at death is approximated as 29, the sex - calculated 
with the — 1,0 sexual ratio - is female. 
Regarding the absolute measures of the crane it is of medium length 
widthand height, the forehead is narrow, bizigomatic breadth of medium 
width, the whole face and upper face hight, orthognathous. 
From the indices it is brachycranic, orthocranic, tapeinocranic, stenome-
topic, mesoprosopic, leptene, hypsiconch, chamaerrhine, brachystaphyline. 
On the right side of the sut. palatina mediana there is a weak torus pala-
tinus sagittalis. The nasal bones are sand-clock-shaped and they stretch up to 
the frontal bone. 
Taxonomically, the find mostly comes near to the Central Asian type of 
the Mongolids. 
Significance of the finds 
In our opinion, two from the three macrocephalic finds show the same 
deformation of lesser degree (SuboticaTIussarbarrack and Ada). In case of 
the third one (Sándor-Co-operative Home) a deformation of higher degree can 
be observed, completed by a different method. Accordingly, the finds can be 
divided into two groups. 
There are a lot of macrocephalic find-spots we know in Hungary (PÁR-
DUCZ, 1963), especially near the big rivers (Danube, Tisza, Körös). Most of 
the find-spots having been discorvered near the Danube and the Tisza are 
determined as Hunnish, Gepid, furthermore, those near the Tisza as Avar or 
of any undetermined archeological period. Concerning our finds, that of Ada 
comes from a river region, whereas the finds of Subotica come from a farther 
district. 
In Transdanubia, better to say near the Danube and along the Tisza two 
macrocephalic centres were formed in the migration period, differing from 
eachother in respect of the deforming instruments and methods (NEMESKÉRI , 
1 9 5 2 ) . In case of the deformed crania of the Gepid cemetery of Kiszombor 
( B A R T U C Z , 1 9 3 6 ) the method of deformation comes near to that of the find 
from Ada. The cranium of a male we have described comes near to the material 
of Kiszombor, respectively the method as well as that the deformation used to 
be a habit chiefly in males (19 from 21 males). At the same time in case of 
the cranium of a Gepid female from Tápé the method deformation ( F A R K A S -
LIPTÁK, 1 9 7 1 ) comes near to that of the find of a female from Sándor Co-
operative Home at Subotica. 
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From the point of view of physical anthropology the microcephalic finds 
in Hungary were described by LIPTAK in detail. He drawed attention to that 
most of the finds are of Europid character ( L I P T A K , 1 9 6 1 ) . At the same time 
the crania from Kiszombor show some Mongolid influence, that is why, in 
spite of their archeological materia! being a typical Germanic one, they arc-
supposed to belong rather to a series of any Hunnish population ( L I P T A K , 
1961). In case of the well preserved find of Subotica we are inclined to reveal, 
in addition to the predominance of Europid character, a very slight Mongol id 
influence, too. 
Taking all these into account, we think that, though there arc also some 
macrocephalic find-spots from the late Roman as well as the Hunnish periods 
in southern part of the area between the Danube and the Tisza, from the point 
of view of physical anthropology Still our finds of undetermined archeological 
period can be connected chiefly with the Gepids, They are of importance first 
I'll*. 5, Mongulid cranium of a female (Baika Topnla, No. 2) 
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of all becausc they give some new datas referring to the macrocephalic find-
spots in southern part of the area between the Danube and the Tisza. 
The other two crania enrich the row of Avar series containing Mongolid 
components. Naturally, the proportion of the Mongolid elements in the ce-
metery cannot be determined at the present time. The cemeteries excavated 
between the Danube and the Tisza ( L I P T Á K , 1 9 5 9 ) - which include Mongol ids, 
too —, as for instance the cemeteries of Madaras, Üllő l, Kiskörös, appear to 
have been followed by some more find-spots in Jugoslavia (Cik, Backa Topola). 
At the moment the two Mongolid finds are important from the point of 
view of taking into account cemeteries like these. The complete anthropological 
evaluation of the Avar series semming to be of importance — which both of the 
crania belong to - is possible only by means of an excavation of a larger 
extent. 
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RECENT DATA ON THE ANTHROPOLOGY OF ONE 
OF THE POPULATIONS (VÉSZTŐ) OF THE HUNGARIAN 
GREAT PLAIN (ALFÖLD) 
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Department of Anthropology, Attila József University, Szeged 
( R e c e i v e d J u n e 10, 1 9 7 2 ) 
Introduction 
U n d e r Turk i sh ru le , the se t t l ements of Békés county became par t l y or comple te l y depopu-
la ted . Be fo r e the r iver Sebes Körös w a s contro l led , the env i ronment of Vész tő w a s cha rac t e r i zed 
by the marshy l andscape of the K i s - S á r r é t ; its rese t t l ing began in 1723 , as a result of the 
act iv i ty of the Aus t r i an J ános H a r r u c k e r n . Ha r rucke rn f o l l o w e d the pr inc ip l e of set t l ing a popu-
lat ion of the s a m e nat iona l i ty a n d re l ig ion in each of the p laces ea r l i e r peop l ed . T o Vész tő there 
went Hunga r i an s of the r e fo rmed (Ca l v in i s t ) re l i g ion , mov ing to their new re s idence ma in l y 
from B iha r a n d H a j d ú count ies in the eas te rn part of the Grea t H u n g a r i a n P l a in ( A l f ö l d ) , and 
there a l so r emig ra t ed a l a r g e part of the popula t ion that had l i v ed the re e a r l i e r but m a d e their 
escape f rom the Turk i sh occupat ion of the country . In this respect w e re fe r pa r t l y to a geogra -
phical p ape r (PALOTÁS, A . : in the press . ) a n d to a more de t a i l ed an th ropo log i ca l monograph 
(FARKAS—VARGA, in the press ) . 
In add i t i on to the inves t iga t ion of the adu l t popula t ion , on the bas is of the d a t a of 
parish reg is ters some notes w e r e p r e p a r e d by the authors as to the per iod be tween 1 9 3 7 — 1 9 7 0 , 
as w e l l . Accord ing to these, w e d d i n g s took p l a c e ma in l y in the months of N o v e m b e r and 
December , w h i l e in summer the i r number w a s v e r y low. T h e f r equency of bir ths w a s highest 
in the month of Sep tember . 47 , 4 per cent of the decea s ed d i ed due to d i s ea se s of the 
heart or c i rcu la tory d i s turbances . A w i d e r ange of cancerous d i seases can be obse rved among 
the popu la t ion . Most dea ths occurred in M a r c h . 
On the basis of the body mea su r emen t s of 4 1 5 boys and 5 5 1 g i r l s (body he ight , we ight 
and normal chest m e a s u r e m e n t ) , the phys ica l deve lopmen t of the 3 — 1 8 y e a r o ld chi ldren 
at Vész tő can be descr ibed a s good, even compared wi th the ch i ldren in the l a r g e c i t ies of 
Hunga ry . T h e menarche med i an of g i r l s is 12 .90 yea r s , this does not fa l l beh ind the na t iona l 
v a l u e (BOTTYÁN et a!.. 1 9 6 3 ) . T h e f i rst mens t rua l b l eed ing occurred w i th the h ighest fre-
quency in J a n u a r y . 
Anthropological characterization of the adult population 
The 903 adult individuals examined in March 1972 correspond to nearly 
10% of the population. On the basis of the census data from 1970, the number 
of inhabitants was 9 9 4 3 individuals (A. P A L O T Á S , in the press). 7 7 % of the 
persons measured, tracing their descent back to the grandparents, descended 
from families native to that place. 
On the occasion of the anthropological investigations, the following measu-
rements were determined: body height, trunk length, maximum head length, 
maximum head breadth, zygomatic breadth, morphological face height, angle 
breadth of the mandible, nasal height, nasal breadth ( M A R T I N - S A L L E R , 1 9 5 7 ) . 
The colours of hair and eyes too were established, on the basis of Sailer's scalc 
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of hair colours and Schultz's scale of CVL- colours. Finally, photographs of the 
persons were also made, in three norms ( F A R K A S - V A K G A , in the press). 
On the basis of the parameters calculated by the usual biométrie methods 
the anthropological characterization of the adult population can be given as 
follows (Table I to 8). 
B o d y h e i g h t 
The stature may be put, for both sexes, primarily in the lower categories. 
The low and small-medium stature occured for males (between 150-164 cm) in 
approximately 42%, and for females (between 140-153 cm) in about 47%, 
The frequency of those of large-medium and tall stature is for males (between 
167-180 cm) approximately 35%, and for females (156-168 cm) about 32%. 
The mean values of body height belong for males between 24-40 years of 
age to the large-medium group, and those between 41-60 years to the medium 
group. The average stature of the 24-40-year old females corresponds to the 
medium, and chat of between 41-60 years of age to the small-medium body 
height. 
The stature decreases with age. The difference in stature between the 
16—23-year old individuals and those older than 6t years is 6.5 cm in the case 
of males, and 8.2 cm in the case of females. 
M a j o r m e a s u r e m e n t s o f t h e h e a d 
The maximum head length, for both sexes equally, is primarily medium, 
hut the occurence of do lie ho- and brachycephalic individuals is also conside-
rable. On the basis of the maximum head breadth, in the case of both sexes, 
mainly the medium brachycephalic individuals arc dominant, followed in 
frequency by the brachycephalic ones. 
On the basis of the zygomatic breadth, the most frequent in the case of 
both sexes in the broad face, followed b\ the group of persons with medium 
broad faces. The ratio of broader faces is higher in females than in males. The 
morphological face height in both sexes, in approximately 90°/1> of the examined 
persons, is established as low and medium high. 
T h e mo s t i m p o r t a n t i n d i c e s 
On the basis of the distribution of the cephalic indices, in hoth sexes, the 
bradiy-, and hyperbrachycephalics are represented in 85—90%. The height-
length index of the head shows a highly uniform picture in both sexes, nearly 
100% of the examined persons belonging to the hypsicephalic group. According 
to the height-breadth index, there primarily metriocephaly occurs, but the num-
ber of acrocephalic individuals is considerable, too. 
The values of the facial index indicate predominantly curyprosopv but 
a displacement can be observed in females mainly towards the lower, and in 
males towards the higher values. On the basis of the nasal index, the population 
is mainly leptorrhine, but mesorrhiny too is considerable. 
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C o l o u r of e y e s , c o l o u r of h a i r 
The eyes of the males are generally of moderate pigmentation (light blue, 
light grey, greenish). Brown eyes could be observed in only 20№/o of the cases. 
In the case of the females, however, mainly shades of brown eye colours were 
found, in nearly 35°/o, and light blue and ash-blue eyes were extremely rare. 
The hair, for both sexes, is mainly dark brown and black. Lighter brown 
hair too is considerable. Fair and red hair is very rare; it can be found in only 
a negligible proportion (in males 2.7%, and in females 5.4°/o). 
On the basis of the two characteristics the joint occurence of black or dark 
brown hair and of greenish eyes is the most frequent for the males, and the 
combination of black or dark brown hair and greenish or brown eyes for fe-
males. The joint appearance of light hair and light blue eyes is in both sexes 
the most rarely. 
A g e d i f f e r e n c e s 
The difference of sature between males and females for the 24-60 year 
olds, but also for the older persons is almost uniformly 12 cm. 
In males, after their 61st year of age, the length and contour of the head 
decrease. The mandibular angle breadth increases between 24 and 60 years as 
compared to the previous age-group, but after this it decreases and the man-
dible becomes narrower. The nasal breadth, like the nasal height, increases with 
the age. The facial height increases between 24^10 years, and then bocomes 
gradually lower. The same tendency can be observed in the facial index, too. 
That is to say, the face becomes lower not only in absolute measure but, at the 
same time, it becomes relatively broader, too. 
The stature of the females, like that of the males, decreases with the age. 
The minimum frontal breadth docs not change considerably in the individual 
age-groups. On the other hand, the angle breadth of the mandible increases 
more and more and the mandible becomes broader. The same refers to the 
nasal breadth, as well. The facia! height increases somewhat between the years 
24 to 40, and then begins to decrease. 
As regards the other features, a considerable, constantly uniform difference 
cannot be demonstrated in any direction. 
M e a s u r e m e n t of v a r i a t i o n s 
To establish the variability of the individual characteristics, we took 
Howell's „mean sigma" ratio as starting point. The formula underlying the cal-
culation is: S. R, = 100. s n, which expresses the dispersion of the sample as 
a percentage of the dispersion considered as normal. The values obtained for 
the males arc given in Table 9. The higher the value of S. R. above 100, the 
larger, the variation too, of course. It can be seen from the Table that the 
value of the ratio is lower than 100 only in the cases of the frontal and man-
dibular breadth, and for the other characteristics it is always higher. Even the 
average S. R. value for the seven absolute sizes exceeds 100. On this basis 
we may establish that for the given characteristics of the population investi-
gated, a larger variation was found in the males than the average, indicating 
a moderately heterogeneous population. 
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S e x u a l d i m o r p h i s m 
The sexual dimorphism was established for absolute and relative dimen-
sions on the basis of the sexual variance. It was determined with the previously 
applied formula ( F A K K A S - L I P T A K , 1 9 7 0 ) . The sexual variance given in Table 
10 for the absolute dimensions indicates that for the male and female indivi-
duals of the sample investigated a considerable sexual dimorphism was not 
found. The investigated population is in this respect fully similar to an earlier 
studied, similarly village population. 
T a x o n o m i c a n a l y s i s 
Taxonomic analysis is mainly of inportance in the investigation of paleo-
anthropological material ( L I P T A K , 1961). In an investigation of skeletal finds 
from the 7-13th centuries, the author cited gradually built up the important 
race-systematic places of human types and their somatolqgic characterization. 
These arc as follows: 
A B 
Fig. 1 
The characterization of the Uralian race, occurring mainly in the Ugrians, 
can be found in monographs on the Ostyaks ( L I P T A K , 1950), the Hungarian 
conquerors of the 10th century ( L I P T A K , 1954a), and the Ostyak population 
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( measured, bv JANOS JANKO) that lived at the end of the last century 
(LIPTAK , 1954b). The differentiation of the major Eiiropid races was made 
in connection with the anthropological investigatin of the cemetery of t'ne 
Hungarian common people from the 11th century, at Kerpuszta (LIPTAK, 
1953). The characterization of the Turanids and the verification of the exis-
tence of the Pamirian race among the anthropological components of the 
conquering Hungarians are contained in the same monograph, analysing mainly 
the taxonomic problems connected with the two races (LIPTAK , 1955). The dif-
ferential-diagnostic characterization of the Mongolid great race, and within 
this of the separate Mongolid taxons was published in connection with the 
Avars in Hungary (LIPTAK , 1959). The anthroposystematics has been sum-
marized on a number of occasions (LIPTAK , 1962a; 1962 b; 1965; 1966; 1969). 
On the basis of taxonomical standard works from 1955-1965, this could 
be applied, from the point of view of Hungarian ethnogencsis, to the paleoanth-
ropology! material. 
The investigation of the populations living to-day from the taxonomic 
point of view is generally not such an important task. Nevertheless, it has 
some importance if, for example, we are looking for the continuity between 
- let us suppose - the present population and that in the Arpadian Age. This 
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Fig. 3 
historical continuity was often broken by historical processes of the inhabitants 
and demographical changes (transmigration, immigration, fluctuation in the num-
ber of the population, etc.). The territory of the Great Hungarian Plain is 
fundamentally important from the point of view of the settlement of the Hun-
garian population, but was exposed, unfortunately, to grave disasters like the 
invasion by che Tartars (1241-1242) and the Turkish rule for 150 years in 
Hungary after the defeat at Mohács (1526). 
Another aim of taxonomie analysis is to enahle the comparison of indivi-
dual populations on the basis of some common principles — as a result of having 
separated them according to a certain point of view. The anthropological „tvpe-
spcctra" of all peoples differ from one another, but even within one ethnic 
group some regional groups can be distinguished from each other. That is to 
say, the population of the Great Plain may show some differences, according 
to settlements of regions. Later on, we shall compare four settlements with 
that at Vésztő. It was mentioned in the Introduction that although the settlement 
at Vésztő belonged regionally to the area of the Great Plain at Nagysárrét, 
it developed from the adjacent settlements after the expulsion of the Turks. 
At the same time we can mention for comparison, that in Orosháza, for 
example, live Hungarians who migrated from the Transdanubian areas. 
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Let us now consider the anthropological make-up of the population inves-
tigated at Vésztő (Table 11). 
A. The b r a c h y c e p h a l s of dark complexion arc dominant (63°/o). 
Within these - and overall within the whole population — some 13°/« could 
not be diagnosed exactly (br). Among the brachyccphalic anthropological com-
ponents the A l p i n e s (a) have the highest proportion. These are characterized 
by a rounded head and less strongly marked features, their stature being small-
medium or medium. The profile of the nose is mostly concave. Good repre-
sentatives of these are to be seen in Fig. 1 (pictures a and b). Very characte-
ristic of this population is the A r m e n o i d race (ar) that can be found in 
the conquering Hungarians, too. The nose is strongly protruding and curved, 
the tip of the nose tends somewhat downwards, and the front is sometimes 
curved; the so-called hawk nose is rather frequent. The stature is large-medium 
(Fig. 2). Very characteristic of the conquering Hungarians is the P a m i r Fan 
race (p) originating from Middle Asia but with Europid features, such as the 
less protruding, somewhat curve:! nose and the flatness of the lambdoid region. 
In some cases there are added more or less Turanid features, as well (Fig, 3i. 
In the population at Vésztő, particularly in the case of females, the fairly 
considerable proportion of the L a p p i d (I) race, called Protoalpine by some 
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anthropologist, was stirking. The Lappids arc characterized by a low and 
and broad face, a definitely concave (snub) nose and a short stature. This 
feature is the most wide-spread among the Finno-Ugrians (Lapps) and it 
occurs in other regions of Eastern Europe, too, thus in Poland and the 
Ukraine (Fig. 4). Not numerous, but strongly marked representatives of the 
D in a r i c (d) race could also be established. This human type is characte-
rized by a large-medium or medium stature, flatness of the occiput (planoc-
cipitalia) and a very strongly protruding, narrow, curved nose (Fig. 5). 
Fin, ri 
B. In this population the o t h e r human races appear in relatively not 
high proportions. Among them, however, the group of C r o m a g n o i d s with 
some 22(l/o is outstanding; this name is due to their originating from the 
Upper-Palaeolithic Cro-Magnon race. C r o m a g n o i d - A (crA) is the most 
reminiscent of this Upper Palaeolithic race. In the sample from Vésztő the 
participation of C r o m a g n o i d - C (erC) is the most considerable (altogether 
some 10%), called also „A n d r o n o v o t y p e" after a Bronze-Age site in 
Siberia. It is important to mention the „Andronovo race" — at least as a sy-
nonym - hecausc this taxon is one of the components of the development of 
Fig. (5 
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just the Tutanid racc of Europo-Mongolid character. In Hungary it presents 
itself generally in a non-depigmented form, its characteristic feature being 
a low, broad and oblong face (Fig. 6). En the earlier Hungarian anthropological 
Fig. 7 
literature there was no reference to the importance of this human type, this ter-
minology not even being known at that time. Earlier a greater importance 
was attached to the type C r o m a g n o i d - B (crB), or under a more well-
known name, the E a s t - B a l t i c or E a s t c r n - E u r o p i d race, but its 
numerical proportion is not very considerable either in the present population 
or in that of the age of the Hungarian conquest. In the population of Vésztő, 
too, it means not more than some 8°/» (Fig. 7). It is characterized by a short 
or small-medium stature, a moderate brachycephaly, greyish eyes, pale fair hair 
and a concave noscprofilc. It may have developed by hybridization. This racc 
is otherwise characteristic of the Finns and of some Slavic peoples, too. Most 
reminiscent of the classical Cro-Magnon race is the C r o m a g n o i d - A taxon. 
This can be proved, however, not more than about 4"/o of the population of 
Vésztő (iFg. 8). It differs from the Andronovo type mainly in that the head 
is longer and, according to the cephalic index, mesocephalic or, as a results 
of brachvcephalisation, it is moderately brachvcephalic. 
Fig. a 
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C. The Mediterranean race is also characteristic of the Hungarians, and 
it was characteristic in the age of the Hungarian conquest, too. This means 
altogether 13"/<i of the population investigated at Vésztő, A somewhat higher 
numerical proportion than this points to the g r a c i l e M e d i t e r r a n e a n 
(m) race (the male shown in picture „a" of Fig. 9), characterized by a dark 
complexion, and a small-medium or short stature, (t is also characterized in 
a slightly lower proportion by the Atlanto-Meditcrranean (am) taxon of taller 
stature (the female shown in picture ,,h" of Fig. 9), 
Fig. 9 
D. Among the other elements of the population the very low numerical 
proportion of the dolichocephalic Nordics (n) of light complexion and tall sta-
ture is negligible. Much more important — having historic importance and indi-
cative of the Hungarians of the age of conquest - are the individuals showing 
moderate Mongoloid features. Jn picture „a" of Fig. 10 the Ugrian origin of 
the Hungarians is represented by the female reminiscent of the Uralian race 
(u). In picture ,,b" of Fig. ¡0 we see a female similarly showing the features 
of the Europo-Mongolid Tu r a n i d (t) race and of the earlier-mentioned 
„andronovo type" of Europid character. This may have been called earlier the 
„race of the Great Plain" (Alföld type) by one of the prominent researchers 
of Hungarian ethnical anthropology, L A J O S B A R T U C Z . 
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Fig. 10 
C o m p a r i s o n w i t h o t h e r s a m p l e s 
We have compared the anthropological features of the population of 
Vésztő with other samples. In the comparison with various populations, a check 
was first made of rhc supposition of cquai dispersions by the F-tcst. The 2"/o 
level was used, and where the hypothesis of equal dispersions had to be re-
jected at that level, the t-test was not performed. The calculated values are 
given on the basis of variance analysis in Tables 12 and 13, and on that of 
arithmetic means in Tables 14 and 15. For comparison wc have used the 
samples of Tápé ( F A R K A S - L I P T Á K , 1 9 7 0 ) , Orosháza ( F A R K A S - L I P T Á K , 1 9 6 5 ) , 
Dömsöd (KELEMEN, 1 9 6 8 ) and Szakmar (HENKEY, 1 9 6 6 ) . On the basis of our 
calculations the following can be established: 
a. There is a major difference between the averages that can be proved 
statistically, too (at a 99"/» confidence level, with the value t = 2,58, P < l*Vn) 
in the following cases. 
Males: as compared with the males of Vésztő, the following measurements 
are larger: the maximum head breadth, the minimum frontal breadth, the zy-
gomatic breadth, the morphological face height and the cephalic index of the 
males of Szakmar; the maximum head length and the zygomatic breadth of 
the males of Tápé; the stature of those of Orosháza; the minimum frontal 
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breadth and the transverse frontoparietal index of those of Dömsad; on the 
other hand, the cephalic indices of the males of Tápé and Orosháza are smal-
ler than those of the males of Vésztő. 
Females: as compared with females of Vésztő, the following measurements 
are larger: the angle breadth of the mandible, the face height and the stature 
of those of Orosháza; the minimum frontal breadth and the transverse fronto-
parietal index of the females of Dömsöd; on the other hand, the angle-breadth 
of the mandible of the females at V é s 2 t ő is larger rhe than that of the females 
at Orosháza. 
b. There is a statistically provable difference between the averages (at 
a 95°/o confidence level, with the value t = 1.96, I V o < P < 5 % ) in the 
following cases. 
Females: the maximum head length of the females of Szakmar is larger 
and the cephalic index of those of Tápé is smaller, as compared to the females 
of Vésztő. 
c. In a great number of the cases the t-tcst could not be applied (these t-
values are missing from the corresponding columns of Tables 14 and 15). 
d. Finally, in the other cases no statistically provable difference (P > 
5"/o) can be demonstrated between the arithmetic means. 
On the basis of all this, it seems that there is no difference from an 
anthropological point of view between the males and females of Vésztő and 
Diimsöd. The samples of Vésztő and Tápé are very close to each other, while 
in the case of the males and females of Vésztő and Orosháza, as well as in that 
of the females of Szakmát, owing to the different character of dispersions, the 
difference between the means cannot be evaluated statistically. This docs not 
mean that these samples should be identical as the difference between the 
means cannot be proved. The problem is only that the possibly existing dif-
ference cannot be demonstrated on the basis of the arithmetic means. If there is 
really any difference between the samples mentioned in these cases, too, then 
it can be established only on the basis of the dispersions. For these investi-
gations we would need the original data, and in addition, the problem could 
be solved only by performing Mann-Whitney's test (Hajtman, 1968), taking 
into consideration the large number of the elements of the samples. We can 
mention as an example the empirical dispersion curve of the cephalic index 
-2S -S X *S +25 
Fig. 11. Empirical distribution of the cephalic indices of 24—60-years old malts 
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that, at least for males, is indicative of the presence of three components 
(Fig. 11), while for females (Fig. 12) it strongly approaches the Gaussian curve 
for normal dispersion. It is conceivalbc, therefore, that the very similar arith-
metic means of the various samples refer to groups of entirely different com-
position. 
We have carried out the comparison of populations on a taxonomic basis, 
as well. It meant some difficulty that, except for the samples of Oroshaza, 
- 2 5 - 5 X + 5 +2$ 
Fig. 12. Empirical distribution of the cephalic indices of 24—60-years old females 
Tápé and Vésztő, detailed taxonomic tables had not been published; attention 
was drawn only to the most important components or the percentage of these 
were given. Our taxonomic comparison was therefore limited mainly to the 
three samples mentioned. 
The result of this comparison is as follows: in the population of Orosháza 
(number of sample elements: 683) the brachycephalic individuals prevail (64%), 
after these, the Mediterranean ones have also a major share (23%). In the 
sample of Tápé (number of the sample elements: 686) the brachycephals simi-
larly dominate, their percentage, however, being lower (45%), while the next 
most important component is not the Mediterranean but the Cromagnoid 
(34%). In the population of Vésztő the occurence of brachycephals is of app-
roximately the same percentage as in the population of Orosháza, and the Cro-
magnoids appear with an even greater frequency (Table 1 1). 
In the case of the three samples from the southern region of the Great 
Plain (total number of sample elements: 2107) the brachycephalic group oc-
cured in the most considerable proportion (58%), followed by the Cromagnoid 
( 2 2 % ) and Mediterranean groups ( 1 7 % ) . The frckuencies of the Nordic race 
(4%) and of the Mongoloid elements (1%) were negligible. Particularly the 
latter is remarkable, as according to G Y U L A H E N K E Y ' S investigations on 
the Danube-Tisza interstream region the occurence of the Europo-Mongolid 
(primarily Turanid) elements in some 40% is characteristic of the Hungarians. 
It might be admitted that in the area investigated by him (the Danube-Tisza 
interstream region) the frequency of these is higher than in other territories of 
the Great Plain, All the same, such a large difference must mainly be the 
result of taxonomic analysis by another method — as referred to by us already 
in an earlier paper ( F A R K A S - L I P T A K , 1 9 7 0 ) . 
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Table I. Major parameters of the measurements and indiccs of the 
24—40-years old mal ts 
No. of 
mcasu Character n w X m s1 s 
re men I 
1. Maximum head length 90 1 7 6 - -202 186,95 0,62 34,32 5,85 
3. Maximum head breadth 90 146— -176 158,57 0,58 31,02 5,56 
4. Minimum frontal breadth 90 100— -121 108,31 0,44 17.54 4.18 
6. Bi zygomatic breadth 91 133— -162 142,72 0.49 22,23 4.71 
8. Mandibular angle breadth 91 102— -128 ! 11,00 0,55 27,66 5,25 
13. Nasal breadth 91 30— - 41 35,25 0,24 5,44 2,33 
15. Head-ear height 91 119— -145 131,72 0,60 33.10 5.75 
IS. Morphological face height 91 106—¡40 121,33 0,74 50,06 7.07 
21. Nasal height 91 4 4 - - 62 52,91 0,36 12,16 3.48 
45. Horizontal head contour 91 5 0 0 - 595 562,61 1,71 67,34 16,35 
1. Body height 88 154,9— 184,5 167,93 0,62 34.04 5,83 
23. Sitting height (trunk length) 91 8 1 , 0 — 97,3 87,51 0,34 10,77 3,28 
3 :1 Cephalic index 89 7 7 , 7 - 92,2 84,77 0.35 10,71 3,27 
15:1 Heigh-length index 90 62,3— 80,7 70,70 0,38 10,71 3,64 
15:3 Heigh-breadth index 90 75,5— 93,9 83,38 0,41 13,22 3,86 
4 : 3 Transversefrontopa rietal index 89 62,5— 75,8 68,59 0,31 8,59 2,93 
18 :6 Morphological facial index 9 ! 72,9— 102,1 85,16 0,58 30,74 5,54 
8 : 6 Jugomsndibular index 91 66.1 — 87,4 77,73 0,36 11.58 3,40 
13:21 Nasal index 91 50,0— 82,0 66,83 0,67 41,15 6,41 
Table 2. Major parameters of the measurements and indices of Ihe 
24—40-year old females 
No. of 
measu Character n w X m s1 s 
remem 
1. Maximum head length 96 164— 194 178,20 0,55 30,10 5,48 
3. Maximum head breadth 96 137— 169 151,50 0.59 34,01 5.83 
4. Minimum frontal breadth 96 95— 118 104,57 0,49 22.95 4.79 
6. Bizygomalic breadth 96 123— 154 136,52 0,56 30,67 5.53 
8. Mandibular angle breadth 96 9 2 - 120 103,12 0,57 31.05 5,57 
13. Nasal breadth 96 2 6 - 40 32,41 0,25 6,07 2,46 
15. Head-ear height 96 1 1 7 - 145 127,47 0,57 30.88 5.55 
18. Morphological face height 96 96—123 110,34 0,61 35.77 5.98 
21. Nasa! height 96 4 2 - 60 49,66 0,33 10,50 3,24 
45. Horizontal head contour 96 5 1 5 - 590 542,62 1,51 218,97 14,79 
1. Body height 95 141,7— 168,7 155,61 0,56 30.33 5.50 
23, Sitting height (trunk length) 95 72,2— 91,2 82,71 0.34 11,35 3,36 
3 :1 Cephalic index 96 72,5— 93,4 85,03 0,34 11,48 3,38 
15:1 Height-length index 96 65.1 — 77,7 71,56 0,31 9.08 3,01 
15 :3 Height-breadth index 96 76,9— 92,2 84,09 0,26 13,38 3,51 
4 : 3 Transverse frontoparietal index 96 61.2— 77,6 69,10 0,34 11,29 3,36 
18 :6 Morphological facial index 96 69.1 — 93.7 80,86 0,51 24,91 4,99 
8 : 6 Jugomandibular index 96 68,3— 83.5 76,10 0,33 10,79 3,28 
13:21 Nasal index 96 49,1 — 86,4 65,62 0,69 45,61 6,75 
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Table 3. Major parameters of ihe measurements and indices of the 
4 1 - 6 0 - y o a r old males 
No. of 
measu Jelleg n w X m s ' s 
renient 
I. Maximum head length 185 170 --20! 186,10 0,48 42,69 6.53 
3. Maximum head breadth 185 141— -172 157,44 0.40 29,79 5,45 
4, Minimum frontal breadth 185 8 9 - -122 108,02 0,37 26,04 5,10 
6. Bi zygoma lie bread Ih 185 129— -159 142,95 0,40 29,49 5,43 
8. Mandibular angle breadth 185 9 4 - -129 111,95 0,41 31,47 5,60 
13. Nasal bread Ih 185 3 0 - - 47 36.56 0,23 9,67 3,11 
15. Head-ear height 185 1 1 1 - -149 129,63 0,45 37,57 6.14 
18. Morphological face height 185 1 0 2 - -138 120.13 0,48 42,76 6,53 
21. Nasal height 18Í 47— - 62 53,51 0.23 10.23 3,19 
45. Horizontal head contour 185 519— -600 558,57 1,13 237,14 15,39 
1. Body height ISO 146,2— 177,7 164,93 0,44 34,74 5,89 
23. Sitting height (trunk length) 184 75.5— 93,5 86,04 0,23 9.83 3,13 
3 : i Cephalic index 185 76,4— 94.4 84.66 0,26 13.18 3,63 
15:1 Height-length index 185 6 1 , 0 - 78,7 70,13 0,23 10.05 3,16 
¡ 5 : 3 Height-breadth index 185 73,9— 94.3 82,89 0.28 14.60 3.82 
4 : 3 Transverse frontoparietal index 185 57,8— 75,9 68,71 0,24 10,34 3,21 
18:6 Morphological facial index 185 71,0— 100.8 84,14 0,37 26,14 5,11 
8 : 6 Jugomandihular index 185 67,8— 87.7 78,29 0.24 11.13 3,33 
13:21 Nasal index 185 55,6— 87,2 68,56 0,52 51.16 7,15 
Table 4. Major parameters of ihe measurements and indices of the 
41—40-year old females 
No. of 
measu Character n w X m s» s 
re ment 
I. Maximum head length 150 1 6 0 - 194 177,47 0,46 31.93 5,65 
3. Maximum head breadth 150 137— -165 151,29 0,43 28.59 5,34 
4. Minimum frontal breadth 150 94— 115 104,66 0,33 16,57 4,07 
6. Bi-zygomatic breadth 150 124—152 136.26 0.41 25.52 5,05 
8 . Mandibular angle breadth 150 92— 119 104,15 0.40 24,39 4.93 
13. Nasal breadth 150 2 7 - 4 ! 33,18 0,20 6,57 2,56 
15. Head-ear height 149 I 0 S - -14) 126,23 0,45 31.25 5.59 
18. Morphological face height 140 9 0 - 126 109,81 0,48 35.11 5,92 
2 ! . Nasal height 150 4 0 - • 57 48,95 0,26 9,73 3,11 
45. Horizontal head contour 150 500— 578 542,47 1,17 206.43 14,36 ,, Body height 1 4 7 140,9— 165,7 152,56 0,43 27,22 5.21 
21. Sitting height (trunk length) 146 71,1 — 90,0 81,67 0,28 11.57 3.40 
3 :1 Cephalic index 150 76,8 — 93,9 85,30 0,26 10.12 3,18 
15:1 Height-length index 149 63,4— 79,3 71,31 0,25 9,39 3,06 
15:3 Heighl-breadlh index 149 65,2— 92,9 83,48 0.32 15,35 3,91 
4 : 3 Transverse frontoparietal index 150 63.1 — 76,6 69,22 0.22 7,59 2,75 
18 :6 Morphological facial index 150 67,9— 95,4 80,78 0,39 22,52 4.74 
8 : 6 Jugomandibular index 150 68,1 — 83,6 76.37 0.26 10,17 3,18 
13:21 Nasal index 150 54,9— 83,7 68,03 0,50 37.79 6,14 
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Table 5. Major parameters of I he measurements and indices 
of the males over 61 
No. of 
measu- Character n w x m s1 s 
rement 
1. Maximum head length 189 1 5 8 - 204 184,07 0,47 41,83 6.46 
3. Maximum head breadth 189 1 3 9 - •174 156,57 0,45 37,81 6,14 
4. Minimum frontal breadth 189 9 6 - 1 ¡8 106,06 0,35 22.91 4.78 
6. Bizygomatic breadth 189 1 2 7 - 167 14!,85 0.43 34.64 5.98 
8, Mandibular angle breadth 189 9 9 - 129 111,41 0.45 37.84 6.15 
13. Nasal breadth 189 3 1 - - 50 37,43 0,26 12,53 3.53 
15. Head-ear height 189 1 1 4 - -143 129,88 0,41 32,70 5,71 
18 . Morphological face height 189 1 0 3 - -138 118.96 0,54 54,47 7.38 
21. Nasal height 189 4 7 - - 69 54,51 0,27 13.50 3,67 
45. Horizontal head contour 189 5 1 8 - -605 553.84 1,14 247.93 16,71 
1 . Body height 172 146,7— 176,7 161,47 0,48 40.39 6,37 
23. Sitting height {trunk length) 181 72,2—• 93,2 83,52 0,27 13,19 3,63 
3 :1 Cephalic index 189 74,2— 97,5 85.13 0,26 14,23 3,77 
15:1 Height-length index 189 63,4— 82,0 70,62 0.23 10,04 3.16 
15:3 Height-breadth index 189 75.0— 97,2 83.05 0,26 12.74 3.56 
4 :3 Transverse frontoparietal index 189 60,0— 77,1 67,82 0,20 7,51 2,74 
18 :6 Morphological facial index 189 71,4— 95,5 83,63 0,38 27,35 5,22 
8 :6 Jugomandibular index 189 70.2— 89.0 78,57 0,27 10.03 3.74 
13:21 Nasal index 189 54,7— 92,5 68,91 0,53 53,17 7,29 
Table 6. Major parameters of the measurements and indices 
of the females over 61 
No. of 
measu- Character n w x m s ' s 
rernent 
1. Maximum head length 74 161 — 190 178,35 0,64 30.21 5,49 
3, Maximum head breadth 74 141 — 165 151.28 0,52 20.35 4.51 
4. Minimum frontal breadth 74 9 3 - 112 104,26 0,50 18.96 4,35 
6. Bizygomatic breadth 74 126—145 135,81 0,55 22,35 4,72 
8, Mandibular angle breadth 74 92— 120 104.69 0,66 32.11 5.66 
13. Nasal breadth 74 2 7 - • 42 34,42 0.32 7,73 2,77 
15, Head-ear height 74 116—145 127,92 0.69 35,42 5,95 
18. Morphological face height 74 91 — 123 108,09 0,82 50,42 7,10 
21. Nasal height 74 4 4 - 58 50.35 0,33 6,34 2.88 
45, Horizontal head contour 74 5 2 0 - 589 543.44 1.64 200.15 14,14 
1. Body height 72 13.57— 159.5 149.14 0,63 29.05 5,38 
23. Sill ing height (trunk length) 73 70.7— 85,7 78.81 0,45 14.66 3,82 
3:1 Cephalic index 74 77,0— 93.3 84,92 0.36 9.80 3.13 
15:1 Height-length index 74 64,2— 78,9 71,78 0,39 11,33 3.36 
15:3 Height-breadth index 74 76,6— 95.4 84,68 0.45 15.46 3,92 
4 : 3 Transverse frontoparietal index 74 62,8— 74,8 68.96 0,32 7.57 2.75 
18 :6 Morphological facial index 74 67,6— 91.6 79,94 0.62 28,36 5.32 
8 : 6 Jugomandibular index 74 68.4— 86,3 77,05 0,41 12 63 3.55 
13:21 Nasal index 74 5 6 , 0 - 91.3 68,72 0,71 37,59 6.13 
Table 7. Frequency of ihc major index groups. — Males 
Index Graduation Denomination 
24—60 years Over 61 Total 























































































































































Tota l : 27 188 517 
Table 8. Frequency of" the major index groups. — Females 
Index Graduation Denomination 
24—60 years Over 61 Total 
































Tota l : 246 74 386 
Height-length 62,6—x Hypsicephalic 245 100.0 74 100.0 385 100,0 




































































































Total : 246 74 386 
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Table 9. Values of the sigma ratio of 
24—60-ycars old males at Viszto 
measurement Character S. R. 
1. Maximum head length 102,10 
3. Maximum head broadth 105,76 
4. Minimum frontal breadth 98,37 
6. Bizygomatic breadth 102.45 
8. Mandibular angle breadth 95,00 
18. Morphological face height 105.31 
1. Body height 104,13 
S.K. = 101,87 
3 :1 Cephalic index 103,23 
18 :6 Morphological facial index 103,52 
S R . = 103,37 
Table 10. Parameters of sexual dimorphism in the sample of Vcs/-lo 
N o ' o f Character measurement Character 
1. Maximum head length 5.62 
3, Maximum head breadth 4,33 
4. Minimum frontal breadth 2,69 
6. Bizygomatic breadth 5.20 
8. Mandibular angle breadth 13,39 
13. Nasal breadth 22.18 
15. Head-ear height 2,56 
18. Morphological face height 20.70 
21, Nasal height 15,92 
45, Horizontal head contour 2.50 
1. Body height 14,44 
23. Sitting height 6,97 
V . „ = 9,71 
3 :1 Cephalic index 0,08 
15:1 Height-lengih index 0,59 
15:3 Height-breadth index 0.34 
4 : 3 Transverse frontoparietal index 0,13 
18:6 Morphological facial index 4,93 
8 : 6 Jugomandibular index 1,42 
13:21 Nasal index 0,45 
V„. =1.13 
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Table 1 /. Result of taxonomic analysis in the sample of Vésziô 
Races, sub-ra ce s 
Males Females Tote! 
n % n « n % 
Brachycephals of 
dark complexion 
Alpian (a ) 





































Tota l : 83 18,7 76 25,8 159 21,5 
Mediterraneans 
Gracile Mediterranean (m) . . . . 







Tota l : 70 15.8 25 8'5 95 12,9 
Nordics (n) 8 1,8 3 1,0 11 1,5 
Europids with Mongoloid features 1 0,2 5 1,7 6 0,8 
Tota l : 444 294 738 





Vésztő Tápé Oroshá/a Dömsöd Szakmár 
n X s1 n X s1 n X s5 n X s* n X s* 
i . Maximum head length 275 186,38 40,11 242 188,09 38,06 1017 187,17 42,97 221 186,15 39,89 231 185,58 34,60 
3. Max imum head breadth 275 157,81 30,30 242 157,61 28,09 1015 156,15 40.08 220 157.29 35,30 231 160,99 27,56 
4. Minimum frontal breadth 275 108,11 23.24 242 108,50 21,81 1012 109.35 29,04 219 110.59 23,26 231 112,02 20, ! 8 
6. Biz.ygomatic breadth 276 142.72 27,39 242 144,25 33,18 1012 14!.4 62,25 221 143.30 30,37 230 145,70 29,26 
8, Mandihularangle breadth 276 111.64 30,41 242 111,54 43,03 1019 110.46 44,73 221 112.98 44,88 231 112.08 33, ! 7 
18. Morphological face height 276 120,52 45,48 242 120,19 46,38 1016 120,25 50,20 220 120,78 55,11 231 123.02 43,00 
1. Body height 268 165,91 36,49 241 166,85 38,56 1017 167,14 41.98 218 166,51 42,79 231 168,87 34,37 
3 : i Cephalic index 274 84.69 12,37 242 83,91 11,02 1015 83,57 14,71 221 84.58 12,42 231 86,76 13,16 
4 : 3 Transverse frontoparietal 
index 274 68,67 9,77 242 68.83 6,95 101 70,07 14.57 219 70,4! !0,39 . — 
18:6 Morphological facial 
index 276 84,48 27,89 242 83,47 26.83 1009 85.29 37,89 220 84,16 28.25 230 84.46 24,47 
Table 13. Major parameters of the 24—60 years olf females in five different 
No. of 
measu-
Vésztő Tápé Orosháza Dömsöd Szakmar 
Character 
rement n X s8 n X s1 n X s1 n X s* n X s" 
1. Maximum head length 246 177,75 31,34 270 179,22 30,10 336 178,49 39,60 13! 178,27 36.70 231 178,89 27,55 
3. Maximum head breadth 246 151,37 30.72 270 151.68 25,98 334 150,97 33,64 131 152.06 32,53 232 155.28 17,36 
4. Minimum frontal breadth 246 104.62 19.06 270 104.73 15,48 337 106,16 31,27 130 107.52 24,38 232 109,53 14,29 
6. Bizygomatic breadth 246 136,36 27.54 270 135,87 23,35 336 131,90 73.7! 13! 135.90 30,34 232 139.39 21,63 
8. Mandibularangle breadth 246 103.75 27.24 270 103,78 26.49 338 102.31 33.36 13! 104,05 25,68 232 105.! 6 23,09 
18. Morphological face height 246 110.02 35.43 269 110,06 30,28 336 109.18 43,19 13! 1)1.16 63,03 232 113,55 29,30 
!. Body height 242 153.76 30.66 269 154.35 33.4! 336 155,98 33,18 130 154,30 41,79 232 157,65 25,44 
3: I Cephalic index 246 85,19 10.66 270 84.59 8,95 336 84.64 11,49 131 85.18 11,68 23! 86.85 7,83 
4 : 3 Transverse frontoparietal 
index 246 69,17 9,04 270 69,09 7,18 333 70,23 14.99 130 70.75 9,32 — — — 
18:6 Morphological facial 
index 246 80,81 23,18 269 81,05 18,57 334 83.09 39,43 !3I 81,89 33,44 232 81,55 17,69 
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Table 14. Results of the F- and wes t s in the case of the 












Döm s Öd 
F 1 t F t F 1 F 1 t 
I. Maximum head length 1,15 1.48 1,05 3,17 1,07 1,84 1,00 0,40 
3. Maximum head breadth 1,10 6.76 1.08 0,42 1,32 — 1.16 1,02 
4, Minimum frontal breadth 1,15 9.53 1,06 0,93 1,24 — 1,13 5,63 
6. Bizygomatic breadth 1,07 6.47 1,21 3,25 2,27 — 1,11 1,23 
8. Mandibular angle breadth 1.09 0,88 1,41 — 1,47 — 1,47 — 
IS. Morphological face height 1.05 4.23 1.01 0,55 1.10 0.57 1.21 0.41 
I. Body height 1.06 5,58 1,05 1,74 1.15 2,86 1,17 1,05 
3 :1 Cephalic index 1.06 6,90 1,12 2.60 1.19 4,66 1.00 0,37 
4 : 3 Transverse frontoparietal index .— „ 1.40 — 1.49 — 1,06 6.21 
18:6 Morphological facial index 1,14 0.04 1.04 2,24 1,36 — 1.01 0,68 
Table 15. Results of the F- and t-tests in the case of the four materials 













F 1 t F t F t F 1 t 
j Maximum head length 1,13 2,28 1,04 3,06 1,26 1,48 1,17 0,84 
3. Maximum head breadth 1,77 — 1,18 0,67 1,09 0,87 1,06 1,15 
4. Minimum frontal breadth 1.33 — 1,23 0,30 1,64 - . 1,27 5,80 
6. Bi/ygomatic breadth 1.27 — 1,17 1,11 2,67 — 1,10 0,81 
8, Mandibular angle breadth 1,18 3,13 1,03 0,07 1,22 3,13 1,06 0,54 
18. Morphological face height 1,21 6.92 1.17 0,80 1,21 1,61 1,77 -
1. Body height 1,20 8.10 1,09 1,18 1,08 4,72 1,36 — 
3 :1 Cephalic index 1.36 — 1.19 2.14 1.08 1,96 1,09 0,02 
4 : 3 Transverse frontoparietal index — — 1,25 — 1.66 — 1,03 4.78 
18:6 Morphological facial index 1,31 — 1.24 0,40 1,70 — 1.44 — 
Anthropological features og the persons in thfl photograph Plates 
Fig, Sign of 
picture 
Age Sex Body Cephalic Face Original Colour of Anthropological No. (year) height index hair colour eyes classification 
1. a 31 male 161,0 85,3 bread blackbrown brown Alpine 
b 36 female 152,4 89,1 very broad black brown light brown Alpine ; other 
2 a 68 male - 85.1 medium-broad brown green Armenoid 
b 41 male 159,4 85,1 medium-broad black light blue Armenoid 
с 63 female 149,1 90,9 broad fair blue Armenoid 
3. a 42 male 170.8 85.9 broad black dark blue Pamirian -(-other 
b 31 female 164,3 84,1 medium-broad blackbrown brown Pamirian -mother 
4. a 68 male 157.4 87.8 broad blackbrown green Lappid 
b 41 female 152,3 82,8 very broad black blue Lappid 
5. 40 male 168.5 84,9 medium-broad blackbrown dark blue Dinaric 
6, 40 male 166.5 84,3 very broad blackbrown green Cromagnoid—C 
7. 43 female 158.0 87,5 very broad blackhrown grey- Cromagnoid—B + other 
8. 35 male 177.0 85,1 broad brown dark blue Cromagnoid—A 
9. a 51 male 156.7 79,9 narrow blackbrown brown gracile Mediterranean 
b 30 female 162,3 8 ! . 0 medium-broad brown brown Atlanto-Mediterranean 
10. a 28 female 160.7 83.0 very broad blackbrown dark blue Cromagnoid—C+ Mon-
goloid (Ura l ian) 
b 50 female 156,5 85,6 very broad black dark blue Turanid + Cromagnoid—C 
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